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GENERAL INTRODUCTION

Pteridines are a class of compounds with significant
chemical and biological importance.

Like most complex

heterocyclic compounds pteridines are usually synthesized
with only minor modification subsequent to ring closure.
The polyaminopteridines pose a formidable synthetic problem
because of their high lattice energy.

This lattice energy

manifests itself causing the compounds to be high melting
·and insoluble.

The research reported in this dissertation

explores new synthetic routes to broaden pteridine chem•
istry by examining structural modification subsequent to
ring closure, and new methods of ring closure.

It is felt

this work is of general chemical interest, and may also
lead to compounds of possible pharmacological value.
Current advances in chemistry and pharmacology have
changed the approach of the chemist seeking to prepare new
compounds of possible chemotherapeutic value.

Random syn-

thesis and screening of .compounds has been largely replaced
by a more rational approach to drug design.

In the field

of pteridine medicinal chemistry a most significant dis·
covery has been the establishment of the mode of binding of
folate.antagonists to dihydrofolate reductase (1).
The pteridine nucleus, pyrazino[2,3-d.]pyrimidine
(I), is found in nature in its biologically active forms as
.1

2

folio acid (II) and its derivatives.
8

l

7()C.1 2
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::::-..
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II

Folio acid is reduced stepwise!!! vivo to 5,6,7,8-tetra•
hydrofolic acid (2), derivatives of which act as coenzymes
involved in biosynthetic one carbon transfers (3).
Zabrzewski has demonstrated that compounds contain•
ing the 2,4-diamino-1,3-diazine moiety have the possibility
of binding tenaciously to dihydrofolate reductase (1).
Acting as antifolates, competitive inhibitors of dihydrofolate reductase, a wide variety of compounds have been
found to have antimalarial activity; two drugs which have
been used clinically are cycloguanil (III) (4) and pyrimethamine (IV) (5).

Numerous 2,4-diaminopteridines have

shown antimalarial activity, although none were used clinically (6-lS)s of these 2,4,7-triamino-6-.Q·tolylpteridine (V).

3

has been the most potent, with a quinine equivalent of 7.7

(12).

III

IV

v
During the past six years Elalager, Davoll and
their colleagues at Parke, Davis and Company, have published extensively on a series

of

derivatives 2,4-diamino-6-

substituted quinazolines (16-29).

Acting as antifolates,

compounds in this series have been found to possess potent
antimalarial activity.

two compounds initially studied were

2,4-diamino-6-[(3,4-dichlorobemyl)amino]quinazoline (VIa)
and 2,4-diamino-6-[(3,4-dichlorobenzyl)nitrosoamino]quinazoline (VIb), the latter being several hundred times more
active th.an quinine against Plasmodium berghei !!!S! .f.&. cynomolgi (18).

Within the last year the most potent compound

in this series has been reported, 2,4-diamino-6•(r!,-(4-

4

chlorobenzyl)-N-(isopropyl)amino]quinazoline (VII) has a
quinine equivalent of 1160 against l.!_ berghei in mice (29).

VIa, R • H

b, R • NO

Cl-o~ CH.2-N
'

-

I

.

CH(CH~)2

NH 2

VII

An important aspect of the antimalarial activity shown by
this class of compounds is that they have shown activity
over malarial strains which have become pyrimethamine (IV)
resistant (17,18).

In addition to the antimalarial activity,

some of these compounds have shown activity against various
strains of Streptococcus (22,23,25-27,29) and Staphylococcus (25-27) as well as Chagas' Disease (17,19,22,29), a
trypanosomal infection.
The importance of continued work on seeking new antimalarials is emphasized by the fact that throughout the
world 650 million people live in potentially malarial
regions (30).

Historically our military forces in America

5

have found themselves in malarial regions.

Most recently,

in Viet Nam, as high as 4.8% per year of the United States
military personnel.have contracted malaria (31).

A problem

in the current treatment of malaria is the development of
drug resistant strains of Plasmodium (9,30, 32-41).

In

some cases these strains are resistant to all known syn•
thetic antimalarials,
The development of new pteridines which might
possibly be of value in treating malaria was one directing
force behind J:he research reported in this dissertation.
It was felt that pteridine analogs of Vla and VIb would possibly· show high activity.

Another compound which· gave ini·

tial direction to this Dissertation was 2,4.diamino-6ethy11ndolo(2, 3-_g]pteridine (VIII), an antimalarial (9),
The above mentioned facts suggest that the development of a
general synthetic route to both 2,4-diamino-6-anilino•
(IXa) as well as the 6-benzylaminopteridines (IXb) would
be not only of purely che~ical importance, but might also
lead to biologt'~lly active compounds.

Also of interest was

the development of a new route to 2,4-diamino-6-arylpteridine
5-oxides (X), because of their relationship to

VIII

v.

6

x

IXa, R • ~

b, R • CH 2f

A new route to the aeries of compounds of type X
is reported in this Dissertation. Compotmds of the type IXa
an~

b

were not prepareds however in attempting to prepare

these eompo\lnds, some new and interesting chemistry of
possible general synthetic utility wae found.

This gave

a route to compound_•· of the following typea

RNHxYi:r_.

CH3S0(2)

N~

NHR

NHR

R = CH 2¢
= CH 2CH 2¢

Two new !!-oxides prepared were screened against a
variety of micro-organisms and parasites including
modium beighei.

Plas-

'Ibey showed no significant activity except

against ShistQ!oma pnsoni alll01l8 the organisms 1nves:t;igated.

Introduction
Pteridine chemistry began as a natural product study
by Sir Frederick Gowland Hopkins, who in the late 1880's
and early 1890's isolated a white (leucopterin) and a yellow
(xanthopterin) pigment .from the wings of the English brimstone and white cabbage butterflys (42-45).

At about the

same time K.uhling prepared the first synthetic pyrazino
[2,3-g,]pyrimidines (46).

It was not until 1940 when

Purrmann synthesized leucopterin and xanthopterin that it
was recognized that these. pigments were aminohydroxy derivativea of pyrazino(2,3-4.)pyrimidinea; thus demonstrating
a relationship between Hopkin' s. and Kuhling' a work (47 ,48).
The greatest stimulating r•:etor in pteridine chemistry came about in the late 1940• a when· pteroylglutamic acid
0

(folic acid) (II) was isolated and identified as an essenial growth factor (49-59).

Beyond the strictly chemical

interest of the pteridine ring system, research in this
system has had great impetus from the development of drugs
containing the pteridine nucleus.

Aminopterin (XIa) and

amethopterin (X!b) are used extensively in the treatment of
leukemia, and other neoplastic

dt~eaaes

(60-65).

Triam-

terene (XII) has found wide use as a diuretic with kaluretic
blocking ability (66-71).
7

8

XIa, R = H:
b, R = CH 3

XII

General pteridine chemistry has been reviewed in
detail by several authors, the most recent being Elderfield
and Mehta (72).

The specific chemistry of pteridine !!-oxides

has been reviewed by Parish (73).
A portion of the research for this Dissertation was
a new synthetic route to pteridine 5-oxides.
cyclization through nitropyrimidines.

This involved

A review by Preston

and Tennant in 1972, thei!'Oughly discusses the anionic attack
of nitro compounds to yield !i•oxides (74).

Inasmuch as

these reviews are nearly complete through the year of their
publication, their material will not be covered in this liter•
ature review.
The subjects to be reviewed in this Dissertation are

9

amine exchange reactions; the nucleophilic displacement of
alkylsulfonyl and a1kylsulfinyl tao:j.e.ties

from TT-deficient

nitrogen heterocycles; and 6·amino·and 6-substituted aminopteridines.

The

literature seardh of amine exchange;.react-

ions was accomplished by searching all references to key
articles found in the Science Citation Index through 1972.
Chemical Abstracts was searched on the following ring systems through volume 75 (1972), P}"rimidines, pyridazines,
pyrimidines, pyrazines, quinolines, isoquinolines, cinnolines, phthalazines, quinazolines; quinoxalinea, purines,
and pteridines.

All references to any alkylsulfonyl or

alkylsulfinyl heterocycles, 6-aminopteridines, and 6-substituted aainopteridines were examined for relevance to this
review.

Index Chemicus was also aoanned page by page

through 1972, and up to April 1973.
Amine Exohese
Sym-Triazines
Amine exchange or transaaination on TT-deficient
nitrogen heterocycles was first reported by Zetweck in 1941
(75).

-

Melamine (XIII) was converted to N-substituted mel-

amines by heating at 150-200• with primary or secondary
aliphatic or aromatic amines, in the presence of hydrogen
chloride.

Details were given for the mono-, di•, and tri-

exchanged product.

In the triazine system this reaction is

of special significance because of the ready availability
of aminotriazines.

10

XIII

XIV

xv

XVI

Since this originally reported transamination,
exchange reactions of a similiar type have been carried out
on guanamine (XIV) (76-78) Table 2, and on ammeline (XV)

(79) and ammelide (XVI) (80), Table 3.
melamine are summarized in Table 1.

Amine exchanges on

11

Table 1
Amine Exchange Reaotions of Melamine

XIII

+

NHXY

at

.,.fJJ
.µ ..

...,::s ...."'
.,.f,Q
.µ •

00

>t

~g
Cl).

M a
~e ....

~i

ai= "'

.µ

~i
Cl) ....

ai=~

Cl>

.µ

<.>

co

>.

"O ""'
....
...,co
0 QS·

...:o

"O

""'
....
(I)

>t

iM
(I)

~

~

(1)

CH3

H

bis

yes

75

(2)

CH3

mono

yes

75

(3)

CH 3

C1aH37
Ph

H

bis

yes

75

H

tris

250°

9· hr

HCl

97%

75,81

(5) · g•tolyl

H

tris

250°

9 hr · HCl

93%

81

(6)

.m-tolyl

H

tris

2so•

9 hr

HCl

96%

81

(7)

l?•tolyl

H

tris ,250•

9 hr

HCl

97%

81

(8)

2-naphthyl H

tr is

250°

9 hr

HCl

low

81

(9)

Ph

H

280•

(10) CH ca oH
2 2

tris

5 hr

HCl

20-30% 81

H

tris

175•

14 hr HCl

77

(4)
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Table 2
Amine Exchange Reactions of Guanamines

+

NHXY

....i·
.f,J

:S

CD

.µ.,..

.,.;i,C
.f,J ..

N

(1)

J8

~i

><

~

d .µ

.....o~

~~

co e

~-~

....a
.f,J

() Q)

I~

l!lif .f,J

en

,,
r-4

CD

>'

G>

0

!

::
~

H

mono 6 hr 180•

H

mono

CH 3

CH3

mono

78

H

mono

78

mono

78

C5H11 CH3LN

I )l

76

.s

(2)

H

©l
N

(3)

C5H11

(4)

Ph

C4H9

(5)

Ph

C4R9

(6)

Ph

CH 2CH 20H

H

bis

CH2CH20H
ca2ca20H

H

mono 14 hr 180°

60%

H

bis

impure 77

(7)* Ph
(8)

CH3

c4a9

14 hr 175° 69%

77

77
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Tabla 2--Continued

g

;

.....µ

,..,:s ....co a~
.,.i,Q ...i M
.µ •

'§ s ~I
G>
a.I

N

(9)

PhCH 2

(10) Ph

(11) NHCH 2CH 20H

en s

>4·

)40.·

0

Cl)

~.µ

....a

Q)

.µ

() G>

.

~s

~~

"'4>

,...,

~

C>

!
Q)

.....Cl)
~

CH2CH 20H

H

bLa

CH 2cH 2ca 2oH H

bis

14 hr 174• 66i

77

CH 2ca20H

H

bis

12 hr 175•

77

*One.~equivalent

impure 77
low

of hydroxylamine used.·
Table 3

Amine Exchange Reactions of Anaeline and Ammelide

XVI

+

NXY)(N~OH

N~

NHXY

OH

.....µg

E

co"G> ....eCl)

if

2· hr

190•

.

~.µ

~l)

Ph

H

::s
8~
.,.. M
.µ

Cl.>

Q)

.µ
Ul

>,....,

C>

!

"' "'
CJ "'
<~

Q)
....
)-4

"'

~

HCl

734%

80

.... .µ

,....,

~

14

Table 3--Continued

xv

+

NHXY

8
.....
.µ

::s .,

U..-1
..... .0

u •
a.> 0

~I

(1)

µ

0

i
i

(I)

>..

:s :1

.....Q)

~

1)-f

Q)
~

r-1

-<

C> "'
C>

'O

r-1

(2)

Jlh

H

bis

HCl

72%

79

(3)

,g•tolyl

H

bis

-HCl

32%

79

(4)

m-tolyl

.H

bis

ffCl

64%

79

(5)

.e•tolyl

H

bis

HCl

88%

79

Honda found that if the reaction time extended

beyond 2 hours, or if the temperature exceeded l90•c, in
the reaction of phenylammelide with aniline hydrochloride

that a mixture of Ii•li'-diphenylaftl11leline and N•N'·diphenylurea was obtained.

This indicates the ease which ammelide

type compounds, .!.•.!• dihydroxyt:tiazines, undergo ring opening (80).

In mo$t of the reactions summarized in the previous
Tables, the amine reactants were present as acid saltss

however, excess free amine was also often present.

Dowbenko
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(77), conducted experiments using the hydrochloride salt
of benzoguanamine reacting with free ethanolamine, and
obtaining the aame result as the reaction of ethanolamine
hydrochloride and free benzoguanamine.
Two unusual examples of an amine exchange reaction
of melamine are reported in the literature; although, they
were not recognized as amine exchanges in the original
works,

Liebigs who in 1834 first prepared melamine by the

fusion of ammonium chloride and potassium thiocyanate,
isolated a side product which he called meiam.(aa);
composition was determined to be

c6a11N9,

The·

It was not until

1940 that the structure of melain (XVII) was established
(83).

XVII
It could be suggested that the formation of melam at high
temperatures is actually an amine exchange on melamine by
melamine.

A similar reaction was observed by Austerweil

who noted that bisdiaminotriazine (XVIII) when heated at
temperature of 225°-240• gave desaminobisdiaminotriazine

(84).

This same reaction occurred with methylenebisdiamino-

triazine, and _2'-phenylene- bisdi_aminotriazine,

16

XV!II
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Pyrimidines
Amine exchange reactions of pyrimidine need special consideration.

The pyrimidines do not posses uniform

symmetry of all carbon atoms, as do the triazines.· Three
unequivalent carbon positions exist, 2,4, and S.

The rel.a-

tive ease at which these positions can undergo nucleophilic
attack can be deduced by considering some of the possible
canonical forms, Figure 1.

....

- 2ll'N)s 6

~

N
3
B

A

Fig.

4

c

1.--Possible canonical forms of pyrimidine

It is not possible through resonance interactions
to show a partial localization of positive charge on C-5.
Considering para-quinonoid forms to be more stable than
ortho-quinonoid, one would therefore expect form C to contribute more than A (85).

Therefore, if the rate determining

step for amine exchange reactions on aminopyrimidines
involves the electrophilicity of the endocyclic carbon to
which the amino moiety is attached, the order of reactivity
for amine exchanges would be 4(6)-amino > 2-amino > 5-amino.
The

predicted order of reactivity is in agreement with

experimental evidence.

Curran has demonstrated that 2,6-dia-

mino-4-hydroxypyrimidine (XIX) reacts with methylammonium
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acetate to give only the 6-methylamino derivative (86).

XIX
Whitehead and Traverso have shown that under identical conditions isocytosine (XX) gave no exchange product with either
alkyl or arylamine hydroch1orides, while 4-amino-6-hydroxypyrimidine (XX!) gave exchange in good yield (87).

N&2

lY--loH

xx

XX!

No reports of amine exchange have been found in the literature
for either the 2-amino
dine.

or 5-arnino moieties of simple pyrimi-

'

There are reports of amine exchange of the 2-amino

moiety from fused pyrimidiness these will be discussed later.
The reported exchanges of 4-aminopyrimidines can be
classified as follows: reaction with amine hydrochlorides
and excess amine (87-95); fusion with amine salts (86),,
reaction with hydroxylamine (97-99); reactions with hydrazine
(100, 101); and reactions with semicarbazide (102).

The
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latter three reaction types are not amine exchanges in the
usual sense and have had only limited use.

These will be

mentioned only briefly.
The reaction of 3-methylcytosine with hydroxylamine
gave 1-methyl-4-hydroxyamino•2-pyridinone (XXIII) upon
acidification of ·an intermediate product (XXII) (96),

01?

NH2

I

CH3

- N:x

HCI

NH20H
. HCI

OAN·

I

NHOH

N:)I

NHOH

NHOH
-

0

A

N

I

CH3

CH3

XXII

XXIII

This reaction is generally used for cytosines, and probably
proceeds by a different mechanism than the more classical
amine exchanges.
The reaction of cytidine with semicarbazide and 2,4dinitrophenylhydrazine hydrochlorides has given the 4deamino-4· (2,4-nitrophenylhydrazino)- (XXIV) and 4-deamino4-semicarbizidocytidine (XXVh respectively (99-101).

XXIV

xxv
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Table 4
Conditions for Some Amine Exchange Reactions of Pyrimidine
Amine

Pyrimidine

H,N~

OAN~

NH

Reaction
Time

Reaction
Temp.

Yield

Ref.

20 hr

170°

53%

87

20 hr

170°

71%

87

¢NH2

3 hr

160°

73%

90

t'.INH2

6 hr

165°

64%

87

t'.ICH 2NH 2

6 hr

165°

79%

87

¢NH2

1 hr

145°

57%

87

¢cH2NH2

1 hr

145°

60%

87

3 hr

1500

50%

92

3 hr

145°

75%

87

0
H, N:]___.

~ I

CH~N

NH2
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Most amine exchange reactions on pyrimidines have
been carried out using a mixture of free amine and the hydrochloride salt of the amine.

The conditions of the reaction

vary widely as to reaction time and temperature.

Table 4

gives the range of conditions for some reported exchanges;
all the reactions cited had hydrochloric acid added.
Examination of Table 4 suggests that the amine has
little to do with establishing the reaction conditions; this
is surprising considering the weaker nucleophilicity of
aniline compared with benzylamine.

The pyrimidine appears,

therefore, to dictate the optimum condition.

It can be

seen from Table 4, two general sets of condition exist; 20
hrs. and 170°s and approximately 4 hrs. and 150°.

The fact-

or that differentiates these two sets is the presence of an
oxo moiety meta to the amino leaving group.

I feel that

resonance of the following type is most likely responsible
for the increased reactivity.

-

-

Amine exchange by fusion of acetate salts of amine
with pyrimidines has not been used extensively, and is probably not as efficient a method to bring about exchange
(86,88).

Miller has shown that 2'-deoxycytidine reacted

with u_-butylamine and ammonium acetate to give

22
4-N-n-butyl-2'deoxycytidine (XXVI) in low yield; however
with HCl as a catalyst the reaction gave a 90% yield.

0

HO

HO

XXVI

Curran has reported that 2-methylthio-4-hydroxy6-aminopyrimidine when fused with dimethylamnionium acetate
gave 2,6-bisdimethylamino-4-hydroxypyrimidine (XXVII) (86).
He also observed that 2,4,6-triaminopyrimidine gave no
exchange product when fused with methylammonium acetate.
This is what one would predicts the th:meamino groups would
tend to decrease the electron deficiency of the pyrimidine
ring, making it less reactive towards nucleophilies.

XXVII
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Only two instances of transamination of simple
pyrimidines by secondary amines are reported in the literature, both with dimethylamine (86,89).

Tilis implies that

large groups would perhaps present steric difficultiess however, it will be shown that with fused pyrimidines transamination occurs readily with secondary amines.
One instance of amine exchange in refluxing benzylamine without any cataylst was reported for pyrimidines;
2,4-dihydroxy-6-aminopyrimidine gave the 6-benzylamino
derivative in 95% yield after 24 hr of refluxing.

Ille same

starting material1 however, gave no reaction with methylbenzylamine (86).
Felton and Timmis have reported an unusual amine
exchange involving a N,N-bis-2'-chloroethyl-2-naphthylamine
and 2,4,6-triamino-5-nitrosopyrimidine in the presence of
acetic acid and sodium acetate (95).

Tiley identified the

product as 6,8-diamino-5,7,9,10-tetra-aza-l,2-benzanthracene
(XXVIII), which they proposed came about by an amine exchange of the pyrimidine on the naphthylamine.
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XXVIII
Fused-Pyrimidines
Four fused pyrimidine ring systems are reported to
have undergone amine exchanges these are pteridines (86,
103-105), purines (87, 101), pyrimido[S,4-!i]triazine (106,
107), and 1,2,S-thiadiazolo[3,4-d]pyrimidine (108).
Pteridines are the only heterocyclic system in
which a 2-amino moiety of a pyrimidine ring has undergone
transamination.

Taylor reported that 2,4-diamino-6,7-

diphenylpteridine reacted with refluxing benzylamineto give
2-amino-4-benzylamino-6,7-diphenylpteridine (XXIX) in 67%
yield, but the addition of a small amount of hydrochloric
acid to the reaction mixture led to 2,4-bisbenzylamino6,7•diphenylpteridine (XXX) in 91% yield (105).
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XXIX
{ZjCH2N H2

~

. OON
N
xxx

NHCH2(?J

An unusual exchange in the 2-position of the pteridine
system has been noteds 2-methylamino-4-chloro -6,7-diphenylpteridine when treated with ammonia gave 2,4-diamino-5,6diphenylpteridine (XXXI) (103).

XXXI

Taylor's work, published in 1952, suggests a mechanism which involves ring opening and subsequent ring closure
.

of the pyrimidine ring

(6s-'
(10~).

see Figure 2.

This mechanism

is often cited, and generally seems to be accepted as the
most probable mechanism for pyrimidine amine exchange.
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Fig.· 2.--E. c. Taylor's proposed mechanism of amine
exchange on pteridines
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Some evidence which has civen support to this mechanism
i.s the work of Whitehead, who observed that refluxing
4-amino-6-hydroxypyrimidine with benzylamine gave a product characterized as either 3-benzyl-4-benzyamino-6keto-l, 6-dihydropyrimidine (XXXII) or 1-benzyl-4-benzylamino-6-keto- l, 6-dihydropyrimidine (XXXIII) (87).

These

products must have arisen by ring opening.

XXXII
A ring opened product has also been identified in
the treatment of 5-aminopyrimido[S,4-~]-.2:§.-triazine (XXXVI)
with free ethylamine.

The presence of hydrochloric acid.

· in the reaction mixture gave the exchange product in 67%

(107).

XXXIV
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The mechanism has been further complicated by
Shealy who ha~ reported that 7-amino[l,2,S]thiadiazolo[3,4-~]pyrimidine

and butylamine gave the amine exchange

product (XXXV) after 7 hr., but at prolonged reaction times,
90-120 hr., gave a ring opened product (XXXVI) (108).

~
7 hr

xxxv

XXXVI

Although more discussion has appeared in the literature on the mechanism of amine exchange of fused pyrimidines,
the general types Qf reactions reported are similiar to
those which appear for simple pyrimidine.

To bring about

amine exchanges with fused pyrimidines the following types
of reactants have been used with the heterocyclic substrates
amine hydrochlorides plus excess free amine (87, 104, 105,
107), amine acetate salts (fusion) (86), hydrazines in the
presence of hydrochloric acid (IOI, 107), and free high
boiling amines (104-108).
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Some secondary amines have been used in transamination of pyrimi.dines, they are dimethyl amine, and morphol ine;
with pteridines, dimethylamine,dibutylamine, morpholine,
pyrrolidine1 and cyclohexylamine with 1,2,5-thiadiazolo
.[3,4-~]pyrimidines

(104,105,108).

Amine exchange reactions significantly different
from those reported in the literature constitutes a major
portion of the research reported in this work.

The Discus-

sion Section will therefore give information which will
further the understanding of amine exchanges.
Nucleophilic Displacement 2f AlkylsulfonylAlkylsulfinyl Moieties I!:Qm

~

~-Deficient

Nitrogen Heterocycles
The overall synthetic utility of alkylsulfonyl and
alkylsulfinyl moieties as leaving groups has only fully been
demonstrated during the past six years.

D. J. Brown and

G. B. Barlin have made a comprehensive study of the susceptibility of alkylsulfones (109-115), and sulfoxides (111,113115,117,118) to nucleophilic displacement.

Their studies

have included the following ring systemss pyrimidine (XXXVII)
(109,1.11,112,115,116); pyridazine (XXXVIll) (109,112,117,
118); pyrazine (XXXIX) (109,117); quinoline (XL) (110,117,
118); isoquinoline (XLI) (110,118); quinoxaline (XLII)
(110,112,113,117); cinnoline (XLIII) (110,112)1 phthalazine
(XLIV) (110,112,117); pyridine (XLV) (118); and purine
(XLVI) (114),

They considered three classes ofnucleophiles1
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amines (111,112,114-116,118), alkoxide ions (109,110,117,
113), and hydroxide ion (114,115,118).

All of those refer-

ences above cited involved transformations where either a
alkylsulfonyl or alkylsulfinyl moiety was the only substi tuent on the ring; thereby, their work gives a good view
of the reactivity of these two groups in and of themselves,
and discounts any transannular

substituent interactions.

These authors have reviewed their preliminary work (119).

: ©;:

:(o):
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4
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Previous reviews written on nucleophilic heteroaromatic substitution shows how recently the importance of
the alkylsulfonyl and sulfinyl moities has been realized.
A 1949 review gave only a passing reference to the methylsulfonyl moiety as a leaving group (120).

As late as 1963,

Illuminati gave no mention at all to these leaving groups
(121).

In a 1965 review, however, the importance of alkyl-

sulfonyl as a leaving group was beginning to be recognized,
and· a brief discussion is given the subject, but with no
mention of sulfoxides (122).
While the work of Brown and Barlin was not of an
applied nature, the results of their study aids significantly in understanding and predicting the reactivity of
more complexly substituted heterocycles.

Therefore, their

work will be examined first as a tool for understanding the
remaining portion of the literature on the subject.
Looking first at the length of the alkyl portion of
sulfones and sulfoxides, it has been shown that an increase
in length causes a slight decrease in the rate of nucleophilic displacement (113).

Table 5 gives some kinetic data

for some quinoxalines (113,117) •.
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Table 5
Kinetic Resultsa for Reactions of 2-Alkylsulfonyl-, and
2-Alkylsulfinylquinoxalines with Methoxide Ions
[Substrate]10 3

2-substituent

Tern~.

[Me0-]10 3

methylsulfinyl

24.9°

0.778

0.495

548

ethylsulfinyl

JQ.OO

2.075

0.545

226

£.-butylsulfinyl

30.0°

10.37

0.908

5.67

ethylsulfonyl

30.0°

0.998

0.500

iso-propylsulfonyl

30.0°

0.998

o.soo

364

161

t-butylsulfonyl

30.0°

2.23

0.898

31.9

103kb

apH 6 buffer was used·to stop the reaction and for
spectroscopic measurements.
bcorrected for solvent expansion or contractiona

cal~¥lated by second-order rate equation, units 1 mote·l

sec

•

Increase from methylsulfinyl to ethyisulfinyl shows a 2-fold
decrease in rate, even though the latter reaction was carried
out at high concentration and temperature.

A similar

decrease in rate was also observed for the hydrolysis of
1-alkylsulfonylphthalazines with increasing size of the
alkyl group (123).

Barlin suggests this trend can be caused

by either or both steric and electronic effects (hyperconjugation) (113).
Another trend observed by Barlin and Bro"111 is that
methylsulfonyl.and sulfinyl groups y to a ring nitrogen.
are more reactive towards nucleophilic displacement than
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those that are a. (109-111 ,117).

Thus 4-methylsulfonyl

and 4-methylsulfinylpyridine had rate constants approximately 20 and 3 times as great as the respective 2-isomers
under comparable conditions (109, 118)..

Similar trends

were observed for 2- and 4-methylsulfonyl and sulf inylquinol ines (110, 117).

This trend also appears in the pyri-

midines;

here 4-methylsulfonyl and 4-sulfinylpyrimidines
undergo aminolysis with n-pentylamine with a > io 2-fold
increase in rate over the corresponding 2-isomers (111).

Similarly .in 3- and 4-methylsulfonylpyridazine where the
leaving group was

~

to one ring nitrogen and either a. or V

to the other, respectively, the 4-methylsulfony1 was more
reactive (109).

The same trend was found in 2,4-dimethyl-

sulfonylpurines, the 4-position could be selectively replaced (124).

This is consistent with the canonical struc-

tures of Figure 1.
It was also observed by Brown and Barlin that annelation brought an increase in reactivity of alkylsulfones to
nucleophiles,.

At 90.4° the nucleophilic displacement of

the 4-methylsulf onyl moiety from pyridine by methoxide ion
had a rate constant about

~

the size of the oonstant for a

similar displacement on 4-methylsulfonylquinoline at 69,7°,
both reactions having comparable concentrations of both
substrate and methoxide ion (109, 110).

The data presented

in· the literature does not allow a comparison of sulfinyl
derivatives.

Annelation could allow for greater delocaliza-

tion of charge in the transition state, and thereby cause the
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increased reactivity (119).
No clear trend seems to exist for predicting which
group, methylsulfinyl or methylsulfonyl is the most reactive
towards displacement.

In the 2- and 4-substituted quino-

lines the reactivity is almost identical (110, 117).

With

4-substituted pyridines the sulfone is about 4 times as
reactive as the sulfoxide1 however, in the 2-substituted
pyridines sulfone was displaced only about twice as fast
by methoxide ion (109, 117).

Again with methoxide ion as

a nucleophile and 2-substituted isoquinolines as the substrate, the sulfoxide was the slightly favored leaving group.
An extremely pertinent contribution of Brown and Barlin has
been to show the much greater reactivity that the alkylsulfonyl and alkylsulfinyl moieties have compared to chlorine.
Table 6 shows that some methylsulfonyl compounds have reactivities 43-98 times that of the corresponding chloro compounds
(119).

Table 6
Rate Coefficients for· the Reactions of Chloroand Methylsulf onyl Heterocycles
Compound

Temp.

104 (1 mole- 1 sec·l)

3-Cl-pyridazine

40.2°

2.56

3-MeSOi-PYridazine

40.1°

236

2-Cl-quinoline

ao.0°

3.66

2-Meso 2-quinoline

80.0

159
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Table 6--Continued
Compound

Temp.

4-Cl-quinoline

80.0°

104(1 mole- 1 sec- 1 )

3.7

ao.o 0

364

2-Cl-quinoxaline

s.0°

13.6

2-MeS02~quinoxaline

5.2"

861

4-Cl-cinnoline

s.0°
s.0°

9.55

4-Meso 2-quinoline

4-MeS02-cinnoline

543

The first report to demonstrate the greater reactivity of
the methylsulfonyl moiety over chlorine showed that 2-methylsul fonyl-4, 6-dichloropyrimidine would react selectively
either with hydroxide ion or ethylenimine to give 4,6dichloro-2-pyridinone (XLVII) or 2-(l-aziridinyl)-4,6dichloropyrimidine (XLVIII), respectively (125,126).

CH3S02r$JCI
Cl

XLVIII

OYNYCI
H

N~
Cl

XLVII
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Two unusual reports exist where a chloro•group was
displaced preferentially to a methylsulfonyl group; both
of these involve pyrazines, 3-chloro-6-methylsulfonylpyridazine (XLIX) (127), and 3-chloro-6-methylsulfinylpyridazine

(L)

(128).

In the first case ethylenimine

was the reacting nucleophile (127)1 in the other case
methoxide ion (128).

This has particular relevance to the

research reported in this dissertation, and this apparent
anomaly will be discussed later.
Cl

Cl

SOCH3
L

Of those reports in the literature concerning use
of alkylsulfones and alkylsulfoxides, the greatest amount
has been written on the former.

Both of these classes of

compounds are usually prepared by the direct oxidation ,of
the methylthio heterocycle.

Stopping at oxidation to the

sulfoxide stage is often difficultc therefore, the alkylsulfones predominate in the literature mainly because of
their relative ease of formation.

One nucleophilic dis-

placement which has been widely examined is the reaction of
2- and 4-methylsulfonylpyrimidines with sodium sulfanilamide to give compounds of chemotherapeutic interest (129135).

An example of this is the synthesis of
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6·methoxy-4-sulfanilamidor:yrimidine ( LI ) , a potent antibacterial (129,131).

LI
Another displacement of the methylsulf onyl moiety
that has had wide application has been the use of carbanions
as nucleophilies.

These reactions have involved the follow-

ing heterocyclic systemsi phthalazines (136,138,140)
quinoxalines (137); quinolines (139)s cinnolines (141)1
isoquinolines (142); and pyrimidines (143).
The systems sununarized below indicate

the carban-

ions used and their mode of generation; ketone, nitriles
and esters with base (136-143)
(139,142)

( LII); Grignard compounds

( LIII ); phenyllithium (139) ( LIII ); and

cyanide ion (143)

( LIV ) •

These reactions would give the

indicated.general products.

R1R2 CH-o
LI!, R1=alkyl, aryl
CO, CN, co 2Et
R2=CO, CN, co 2Et

0-Q
LIII
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There are numerous reports of nucleophilic displacements of

~lkylsulfones

and alkylsulfoxides from n-

deficient heterocycles reported in the literature.

These

reactions could well be expected, and predicted in light of
the material previously mentioned in this review.

The

nucleophilic displacements of alkylsulfones and alkylsulfoxides that appear in the literature, but that have not
been referenced previously in this review, are summarized
on Tables 7 antl 8.

Table 7
Some Nucleophilic Displacements of Alkylsulfones
from n-Deficient Nitrogen Heterocycles
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Table 8
Some Nucleophilic Displacements of Alkylsulfoxides from
n•Deficient Nitrogen Heterocyclesa
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6-Aminopteridines
Preparatio!l
The 6-aminopteridines which are reported in the
literature have been prepared almost exclusively by the
displacement of the 6-chloro moiety (156-166).

TI>.e first

such displacement was reported by Albert who demonstrated
that 6-aminopteridine (LV) could be obtained in a 53% yield
by passing dry ammonia through a benzene solution of 6chloropteridine at 20° for one hour (156).

;:qrg
N

Cl

N

N

The selective reactivity of the chloropteridines has
allowed a multitude of compounds to be prepared simply by
properly adjusting the reaction condition.

Taylor observed

the 2,4,6,7-tetrachloropteridine could be converted selectively to 2,4-dichloro-6,7-diaminopteridine (LVI) at -70°;
however, at 150° the tetraaminopteridine (LVII) was the product (158).

Subsequently it has been shown that thereis

~

significant difference in the reactivity of the 2- and
4-chloro moieties to selectively bring about displacement
of only the 2-position of 2,4-dichloropteridines (159),
This establishes the over all order of reactivity towards
amino groups for 2, 4, 6, 7- tetrachloropteridine as 1 6, 7 > 2 > 4.
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H2Nx61C5rc'
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Cl
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~
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,An example of the manipulation that is possible was demonstrated by Roch who synthesized sixty-one 6-aminopteridines
(159).

The following reaction scheme typlifies the trans-

formations involved in Roch's work.
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Pteridine-6-carboxamides are a well studied class
of compoundss primarily because of their relationship to
folic acid (II).

Two reports appear in the literature

~f

a Hofmann degradation of pteridine 6-carboxamides as a route
to 6-aminopteridines.

Pachter, who has authored both

accounts, used a Timmis synthesis, of 2-phenyl (or amino)
4,6-diamino-5-nitrosopyrimidine and benzoylacetamide to
give the 6-carboxamide, which then was treated with a hypobromite solution to bring about the Hoffmann conversion
giving 2,7-diphenyl-4,6-diaminopteridine (167,168).
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The Timmis synthesis has been used as a direct
route to 6-(1-pyrrolyl)pteridines (169).

Reacting 1-cyano-

methylpyrrole with 2,4,6-triamino-5-nitrosopyrimidine in
the presence of base yields 2,4,7-triamino-6-(1-pyrrolyl)
-

pteridine ( LVIII) , a very active diuretic (71,169).

LVIII
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An unusual synthesis of 2, 6-diamino-4-hydroxy7•methylpteridine is reported by Landor and Rydon who claim
that an aqueous solution of 2,4,5-triamino-6-hydroxypyri)

midinesulfate, sodium sulfate, and hydroxyaminoacetone
upon gentle warming yield 2,6-diamino-4-hydroxy-7-methylpteridine ( LIX) rather than the expected 2-amino-4-hydroxy6-methylpteridine (170).

No explanation as to how this

product came about is put forth by the authors.

+ H. 2NX9N::;rNH2
H2N

NaS03

·ON

z.

CH.3nN~N~NH2
H2N

0 ON
N

OH

OH
LDC

One naturally occurring 6-aminopteridine is reported
in literature, 2,6-diamino-4-hydroxypteridine

( LXI) (171).

This supposedly has been isolated from fruit flies,
Drosophila melanogaster, and from blue-green algae, Anacystis
nidulans and Nostoc muscorum

g.

There is, however, evidence

that this compound is an artifact arising from 2-amino-4hydroxy- 7 ,8-dihydropteridine

( LX) •

It has been demonstrated

that oxidation of VI in the presence of ammonia yields VII
(172).

Pfleiderer in his review suggests the following

pathway (173).
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LXI
Two partially reduced 6-aminopteridines have been
reported (174,175).

Albert has shown by nmr spectra that

in an aqueous solution of pH 2, a 3,4-hydrated cation of
6-aminopteridine is formed ( LXII) (H(4) 8.906, H(4) 6-346,
H(7) 8.586] (174).

The other reduced aminopteridine report-

ed is 5,6,7,8-tetrahydro-6,7-bismethylaminopteridine (LXIII).
(175).

It was prepared by simply stirring pteridine in a

solution of ethanolic methylamine.
mination was made by

The structural deter-

elemental analysis, as well as compari-

sons of the uv spectrum of 5,6,7,8-tetrahydropteridine.
List of Compounds
Table 9 includes all known 6-aminopteridines except
the fused pteridines that may have

a nitrogen

to the six position of the pteridine ring.

atom bonded

Table 9
The 6-Aminopteridines Reported in the Literature
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EXPERIMENTAL

General Information
Starting material.--All the starting materials, for
which preparations are not described in the dissertation,
were either obtained from commercial sources, or were prepared by other students working under the direction of Prof.
H. Smith Broadbent.

Aldrich Chemical Company, and Eastman

Kodak were generally the commerical sources of starting materials s these compounds were used without further purification unless otherwise stated.
Infrared spectra.--Infrared spectra were run routinely on all starting materials, intermediates and products.
Liquids were run as capillary films between NaCl plates.
Solid samples wer.e run by incorporation into KBr pressings.
The f ollowins spectrophotometers were used to record infrared
spectra• Perkin-Elmer models 457 and 700s Hilger and Watts
Infragraph Hl200 and Hl200 Mark II; and Beckman Acculab !.
All of the infrared spectra reproduced in this dissertation
were recorded on a Perkin-Elmer 457 at slow speed and normal
slit width.
Nuclear· magnetic resonance spectra.--The nmr spectra
were recorded on a Varian A-60A spectrometer with tetramethylsilane as an internal standard.
57

The samples were run
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neat or as solutions in aIJ. appropriate solvent.

The sol-

vents used for spectra reproduced in this disseration are
listed with the experimental preparations of the respectivecompounds.
Ultraviolet absorption spectra.--The uv absorption
spectra were recorded on a Cary Model 15 ultraviolet recording spectrophotometer.

The samples were dissolved in an

appropriate solvent and the same solvent was used in the
reference cell.
Chromatographv.--Paper chromaotgraphs were run by
the descending method using Whatman No. 1 paper.

Chromato-

. grams were visualized with uv light at 253.7nm or 366.0nm.
Thin layer chromotograms were run on Eastman Chromagram
sheets with cellulose absorbent and were visualized with uv
light at 253.7nm or 366.0nm.

The following solvent systems

were used for Rf values given in this dissertations A, 90%
formic acidawater (114); B, pyridineawater (114)1 C, trifluoroacetric acidawater (114)1 D, pyridine1ethylacetate1
water ( 2 • la 8) ; E, pyridine 1 ethylaceta te 1 water (ls la 4) •
Melting points.--Melting points were determined on a
Thomas-Hoover capillary melting-point apparatus, a Fisher
Johns melting -point apparatus, or a Kofler Micro Hot stage
and are uncorrected.
Elemental analysis,--The elemental analyses were
preformed by M-H-W Laboratories in Garden City, Michigan.

59
Aminonitrosopyrimidines .2!!£1 Intermediates

.f.2!:

Their Preparation

Preparation of 2,4,6-triacetamido-5-nitrosopyrimidine (177).--A stirred suspension of 5.00 g (0.034 moles)
2,4,6-diamino-5-nitrosopyrimidine was warmed slowly with a
mixture of 50 ml acetic anhydride and 150 ml acetic acid.
The reaction was refluxed 12 min.

While heating the mix-

ture the color changed from pink to blue and then to green.
After cooling the mixture, filtration gave a green solid
which was dried at 75°: yield, 3.82 g (0.0144 moles), mp
210-2120 dee [lit. (177) mp 214° dee].

Concentration of the

mother liquors gave a second crop of crystals.
(0.0690 moles).

Yield 1.82 g

Overall yield 65.8%

A second reaction was carried out in which a stirred
suspension of 9.91 g (0.0643 moles) of 2,4,6-triamino-5nitrosopyrimidine and 300 ml acetic anhydride and 150 ml
acetic acid was heated gradually to reflux; then refluxed
2 min.
tion.

The same color was observed as in the previous reacThe solid isolated after cooling was olive drab.

Yield 13.21 g.
impurities.

The ir spectrum indicated the presence of

Allowing the mother liquors to stand over night

gave another crop 0,47 g.
(76.1%).

Overall yield 0.0488 moles

Recrystallization gave a green solid mp 213,0-213.5°

dee [lit. (177) mp 214° dee]. ·In a third reaction conditions
were identical to the second preparation except that the
reaction was refluxed for 5 min.

Yield 5.95 g (65.5%) of an
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olive drab solid, mp 211-214°.
Preearation of 2-amino-4,6-diacetamido-5-nitrosopYrimidine (177).--A stirred suspension of 5.15 g (0.0334
moles) 2,4,6-triamino-5-nitrosopyrimidine in 25.8 ml acetic
acid and 51,5 ml acetic anhydride was warmed slowly.

The

pink solid dissolved slowly and a blue solid precipitated.
The reaction was immediately cooled in ice for 1 hr, filtered, yielding a bright blue solid.
211-213° [lit. (177) 199-200°].

Yield 7.02 g (88,9%) mp
A second reaction was run

by heating slowly a stirred suspension of 40.46 g (0,260
moles)

2,4,6-triamino-5-nitrosopyrimidine in 200 ml acetic

acid and 400 ml acetic anhydride.

lbe same color change

as in the first preparation was observed.

Immediately upon

the complete disappearance of the pink solid the mixture was
cooled in ice for 5 hr.

Filtration and drying gave 56.12 g

(0.236 moles) (90.7%) mp 210-212• [lit. (177) mp 199-200°].
A third reaction was run by warming slowly a stirred
suspension of 15.41 g (0.100 moles) 2,4,7-triamino-5-nitrosopyrimidine in 75 ml acetic acid and 150 ml acetic anhydride.

Upon precipitation of bright blue solid the reaction

mixture was immediately cooled in ice for 5 hr, filtered,
and dried at 65°.

Yield 18.49 g (0.0776 moles) (77.6%) mp

210-212° [lit. °(177) mp 1.99-200°].
A fourth reaction was run in which a stirred suspension of 23.12 g (0.150 moles) 2,4,6-triamino-5-nitrosopyrimidine was warmed gradually in 100 ml acetic acid and 200 ml
acetic anhydride.

After the usual color changes the mixture
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was cooled in ice 1 hr. filtered, and dried at 65°.
32.0 g (0.134 moles) (88.5%) mp 210.5-211° dee.

Yield

By pre-

heating the melting point bath to 200° a mp of 217.5 dee
was obtained [lit. (177) mp 199-200°].
Preparation .Qf benzamidine hydrochloride (178).-Benzonitrile 814 g (7.90 moles) and 400 g (8.70 moles) abs
ethanol were combined and stirred continuously in an icesal t bath while hydrogen chloride was bubbled into the
reaction.

After 9.5 hr the mixture had taken up 400 g

(10.98 moles) of hydrogen chloride.

Upon standing over

night the reaction had turned to a solid mass.

The solid

was pulverized, then 2.0 1 of abs ethanol containing 210 g
(12.31 moles) ammonia was added in small portions, while
keeping the reaction mixture in an ice bath.

A vigorous

reaction ensued and ammonium chloride was produced.

While

being continuously kept in an ice bath the reaction was
stirred 60 hr.

During this period a Cac1 2 drying tube was
attached to the sealed reaction vessel. The mixture was
filtered and the product washed with abs ethanol until
the washings were clear (600 ml).

The filtrate and wash-

ings were combined and evaporated under reduced pressure
to give a viscous orange liquid.

Upon standing over night

solid formed which was isolated by filtration.

The product

was ground in a Waring blender with 500 ml abs ether, then
filtered.

The solid was air dried to give 90 g (73.4% yield)

of product, mp 168.5-169.0° (lit. (178) 169°].
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Activated Methylene Compounds
Attempted preparation o:-(1-pyridyl)-o-methylmandelonitrile p-toluenesulfonate.--A mixture of 3.60 g (0.0300
moles) .Q-tolualdehyde and 5.72 g (0.0300 moles) .12-toluene
sulfonyl chloride was dissolved in 6 ml dioxane and 12 ml
water and cooled to 3°.

A sticky solid was isolated by fil-

tration and dissolved in a 15 ml mixture of 8.5 ml acetone,
ethanol, and 3 ml H2o. The addition of ice to this solution
caused the precipitation of a solid which was isolated by
filtration, mp 76-84°.

The ir spectrum indicated the de-

sired intermediate, o:-(.Q·methylmandelonitrile)-,E-toluenesulfonate, yield 1.14 g (0.00379 moles) (12.6%).

This

product was dissolved in pyridine, from which no product
subsequently separated.
A second attempt was run by dissolving 3.60 g
(0.0300 moles) .Q-tolualdehyde and 5.72 g (0.0300 moles)
,E-toluenesulfonyl chloride in a mixture of 6 ml dioxane and
12 ml abs ethanol.

While maintaining the temperature under

2° and stirring the reaction 1.95 g (0.0301 moles) potassium
cyanide was added.

The thick, paste-like mixture was filter-

ed and the sol id washed with ethanol, then with water, which
liberated the odor of the sulfonyl chloride.

Air drying

gave 4.04 g of a yellow products the ir spectrum indicated
this to be mostly starting material.
A third attempt was run by suspending 3.60 g
(0.0300 moles) .Q-tolualdehyde and 5.71 g (0.0300 moles)
,E-toluenesulfonyl chloride in 6 ml dioxane and 12 ml abs
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alcohol.

While stirring this mixture at 2° or less for

1 hr 45 min 2.14 g (0.0328 moles)potassium cyanide was
Then 12 ml pyridine was added and stirring at ice

added.

bath temperature was continued 2.5 hr, the reaction then
stood for 2 hr at room temperature.

An off-white· solid was

isolated by filtration and air dried over night.

2.45 g mp > 210°.

Yield

The ir spectrum indicated an impure salt.

Preparation of a-(N-benzylamino)acetonitrile hydrochlo.ride (179). --While stirring 10. 72 g (0.100 moles) benzylamine a mixture of 9 ml concentrated hydrochloric acid was
The temperature rose to 18° and a white solid was

added.
present.

After cooling to 5°, SO ml ether then 8 ml 37%

(0.10 moles) formalin was added,
ution of 6.30 g (0.0968 moles)

Over a 1 hr period a solpotassium cyanide in 15 ml

water was then added while keeping the temperature between

4-7•.
ed.

As the reaction proceeded the white solid disappearThe ether layer was separated and the aqueous layer

extracted with two 10 ml portions of ether, and the combined
ether fractions were dried over

Mgso4

G

Hydrogen chloride

was bubbled into the etheral solution causing a thick white
solid to form, which was isolated by filtration.

4.91 g,

Yield

The ir spectrum indicated this was benzylamine

hydrochloride.

Further bubbling of hydrogen chloride into

the etheral filtrate gave a solid which upon drying yielded 4.37 g (0,02359 moles) of the desired product, mp 170-

1710 [lit. (179)

mp 171-172°].
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Preparation of n-anilinoacetonitrile (180r 181).-A mixture of 9.62 g (0.106 moles) aniline and 50 ml ether
was

cooled to 5° and to this 8 ml 37% (0.10 moles) formalin

was added.

Then over a 1.5 hr period a solution of 10.12 g

(0.155 moles) potassium cyanide in 22 ml water was added
while keeping the reaction temperature between
4-7° and stir,
ring continuously.

The ether layer was separated and the

aqueous layer then extracted with two 10 ml portion of ether.
The combined ether solutions were evaporated in vacuo to a
constant volume.
liquid.

Cooling the residue gave a viscous

Crystallization could not be induced,

mp 47-48•].

[lit. (180)

The ir spectra was almost identical to Sadtler

ir 7404 for the desired compound, yield 6.53 g (0.0494
moles) (49.4%).
A second reaction was carried out by cooling a
stirred solution of 37 ml (0.407 moles) aniline and 100 ml
ether to 3•, then adding 32 ml (0.394 moles) 37% formalin.
Then over a 2 hr period a solution of 40.00 g (0.614 moles)
potassium cyanide in 100 ml water was added, while maintaining the temperature of 0-3°.

The ether layer was

separated, and the aqueous layer was extraced with ether.
The combined etheral solutions were evaporated under reduced
pressure to a constant volume.

Upon cooling the residue

crystallization did not occur.

The ir spectra of the resid-

ual solution indicated this to be primarily aniline.

The

reaction temperature was apparently too low for the reaction
to occur.
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A third reaction was carried out following the
procedure used in the second reaction and using the same
amount of each reactant.

The temperature, however, was

maintained at 250 during the reaction.
worked up in the usual manner.

The product was

After 7 days of cooling,

the resulting liquid was extracted and concentrated causing crystallization.

Filtration gave 19.20 g (36.5% yield)

of the product, mp 45-47° [lit. (180) 47-48°].
Using a different route (181) solution of 20.61 g
(0.203 moles) sodium bisulfate in enough water to give a
solution weight totaling 55 g was prepared.
ed with 16.14 g (0.20 moles) 37% formalin.

This was combinWhile heating

the reaction on a steam plate 18.60 g (0.200 moles) aniline
was added.

This was followed by the addition of 13.00 g

(0.200 moles) potassium cyanide.

Continued heating caused

an oil to separate which solidified upon cooling in ice.
The product was isolated by filtration, yield 11.70 g
(38.9%), mp 42.5-44.5°.

This procedure was repeated three

times without variation.
Preparation of N-pgenyl-n-acetamidoacetonitrile
(182).--n-Anilinoacetonitrile, 0.1512 g (0.00114 moles),
was combined with 0.1441 g (0.00200 moles) sodium acetate
and 25 ml acetic anhydride and refluxed 15 min.

Upon

cooling a solid formed and was isolated by filtration, mp

> 160° [lit. (182) mp 54-56°].
this was sodium acetate.

The ir spectrum indicated

Removal of the acetic anhydride
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under pressure gave a sticky brown unidentified residue.
A second reaction not using the literature preparation was carried out by combining 1.32 g (0.0100 moles)
o:-anilinoacetonitrile with 0.791 g (0.0100 moles) pyridine
and 40 ml R-dioxane.

To this was added a solution 0.785 g

(0.0100 moles) acetylchloride in 10 ml R-dioxane.

A white

solid precipated as the reaction was stirred for 15 minr
this solid was isolated and discarded.

The filtrate was

evaporated !!! vacuo to a constant volume and 2 ml methanol
was added to residue.
Norite.

This solution was then treated with

Upon cooling in ice a white solid formed and was

isolated by filtration, mp 61-63° [lit. (182) 52-54•], nmr
(CDCl3) 6 1.70 (3H), 6 4.45 (2H),

o 7.25 (SH).

This pro-

cedure was repeated three times successfully.
A third route attempted was the fusion of 1 equivalent o:-anilinoacetonitrile with 1.1 equivalents sodium
acetate, then refluxing the fusion mixture in acetic anhydride 72 hr.

An equivalent volume of water was added to

the reaction, then the organic layer separated and evaporated ..!!! vacuo to a constant volume.

The ir spectra indicated

the oily residue was impure product.
Preparation of cyanomethyltriphenylphosphonium
Chloride (183, 184).--A solution of 13.10 g (0.055 moles)
triphenylphosphine in 100 ml benzene was prepared, and
4.0 ml (0.063 moles) chloroacetonitrile was added to this.
The reaction was refluxed with stirring for 8 hr.

After

cooling in ice a solid was isolated by filtration, yield
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3.89 g (23.0%).

A second reaction was carried out identi-

cally except 3.76 ml (0.054 moles) chloroacetonitrile was
used1 yield 3.00 g (17.8%).

A third reaction was carried

out using 26.2 g (0.100 moles) triphenylphosphine, 15.1 g
(0, 200 moles) chlor.oacetonitrile in 200 ml benzene a reflux-

ing 8 hr gave 12.7 g (38.8%) of product.

A fourth reaction

used the identical amount of reagents as the third attempt
except only 100 ml of benzene was used, refluxing 8 hr gave
a 26.3 g (78.1%)

yield.

A fifth attempt under identical

conditions to preparation four gave 29.0 g (86.0%) (183).
The reference gave no details for the preparation.
A second method for the preparation of this com•
pound was carried out by combining 28.5 g (0,109 moles)
triphenylphosphine with 15.2 ml (0.24 moles) chloroacetonitrile in 150 ml benzene and refluxing 10 hr.

Upon cool-

ing, the product was isolated by filtration, washed with
ether and dried at 70• for 2 hr, yield 24.6 g (67.3%) mp

273-273.So [lit. (184) yield 65.5%] (184).
A third general procedure used 200 abs ethanol
as the solvent with 40.55 g (0.155 moles) triphenylphosphine and 23.55 g (0.312 moles) chloroacetonitrile
dissolved in the ethanol.

The reaction was refluxed 7.5

hrs upon cooling and filtration the yield of product after
3 hr drying at 70• was 36.8 g (70.3%).
Preparation of Triehenylphosphorcanylidene acetonitrile (183, 184).--Cyanomethyltriphenyl phosphonium chloride 3.89 g (0.0115 moles) was stirred irt 100 ml water.
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The solution was made alkaline with 10% NaOH; this caused
the immediate formation of solid.
at 240 for 1 hr then filtered.

The reacticn was stirred

After drying over night the

yield of solid was 3.26 g, the ir spectrum indicated this
to be a mixture of the desired product with triphenylphosphine oxide (184).
A 3.00 g (0.00888 moles) sample of cyanomethyltri•
phenyl phosphonium chloride was stirred in 60 ml water
and to this 6 ml of 51.·NaOH was added.
cipated immediately.

A white solid pre-

The reaction was stirred at room temp-

erature for 1 hr, then the solid isolated by filtration and
air dried, yield 2. 26 g •.

This also was a mixture of pri-

marily triphenylphosphine oxide and some of the desired
product ( 184) •
A third attempt was made by stirring 12.7 g
(0.0376 moles) of the phosphonium salt in lOOml water, and
while cooling the stirred mixture in ice O.SN NaOH was
added slowly to a phenolphthalein end-point.
present was isolated by filtration and dried.

The solid
The ir spec-

trum showed this was mainly triphenylphosphine oxide (184).
A fourth procedure was followed four times, each
time giving the desired product, a typical reaction proceeded as followsa cyanomethyltriphenylphosphonium chloride
20.00 g (0.0592 moles) was dissolved in 200 ml abs ethanol.
To this was added a.solution of sodium ethoxide formed from
1.445 g (0.0628 moles) sodium metal in 200 ml abs ethanol.
The mixture was stirred 1.5 hr at room temperature, filtered
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and dried, yield 12.79 g (71.4%) mp 193-194• (184).

(The

reference gave no details for this preparation.)
Prel)!ration .Qf Bromo (Tr,!phenylphosphoranylidenel
_acetonitrile (185, 186).--The preparation of the intermediate salt, bromocyanomethyltriphenylphosphonium bromide,
was attempted nine times by the addition of bromine to triphenylphosphoranylidene acetonitrile.

The temperature was

varied from -78° to room temperature in the following
solvents• benzene, chloroform and methylene chloride.
no case could the product be obtained.

In

The literature ref-

erence (185) gives no information on the preparation of this
compounds however, a personal communication from the author
(186) gave a detailed preparation.

This communication

suggested that some of these nine reactions may have woiked,
but by the work-up procedure used the product was not isolated.
In 100 ml chloroform 12.009 g (0.0752 moles) bromine
was dissolved.

While cooling this in an ice bath a solution

of 23.62 g (0.0752 moles) triphenylphosphoranylideneacetonitrile in 70 ml chloroform was added.

The reaction mixture

was allowed to warm gradually to 30•, then concentrated .!!!
vacuo. Methylene chloride (SO ml) was added to the residue
and the solvent slowly removed in vacuo in an attempt to
induce crystallization, no crystals formed and a viscous
orange residue remained.

Without further purification this

was dissolved in methylene chloride (approx. 65 ml) and
combined with a solution of 7.962 g (0.752 moles)
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sodium carbonate in 60 ml water.

This was shaken in a sep-

aratory funnel, separated, and the aqueous solution extracted with two 30 ml portions of methylene chloride.

The com-

bined methylene chloride extracts were dried over anhydrous
magnesium sulfate, and evaporated
was thick with solid.

.!!! vacuo until the residue

Tiltration and oven drying at 70°

gave 14.53 g (50.9%) mp 162-164° [lit. (186) mp 162-164°,
41%].

This reaction was repeated twice with similar results;

however, by allowing the orange viscous solution of bromocyanomethyl triphenylphosphonium bromide to stand two weeks
crystallization did occur, mp 176-183° [lit. (186) mp
178-183°] (186).
Preparation of formylmethylidene triphenylphosphorane (187,

188).~-Methyltriphenylphosphonium

bromide, 10.70 g

(0.0300 moles) was suspended in 100 ml stirred abs ether. ·
While continuously flushing the reaction flask with dry
nitrogen 18.S ml (approx. 0.03 moles) of 1.6 N g-butyllithium
was added and stirring continued O. S hr.

The addition

caused a color to change from white to bright yellow.

In

a separate flask 2.70 g (0.0365 moles) ethyl formate was
dissolved in SO ml abs ether, and the flask purged with dry
nitrogen.

The yellow slurry containing the methyltriphenyl-

phosphorane was added to the ethyl formate solution while
maintaining a dry nitrogen atmosphere throughout the reaction
system.

The color immediately changed to pure white, and

was stirred 0,5 hr.

The mixture was extracted with two 100

ml portions of dil hydrochloric acid.

The extracts were.
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combined and the pH was adjusted to 8 with 10% NaOH causing
a yellow-orange solid to form.

The solution was extracted

with three 200 ml portions of benzene.

The benzene was

evaporated .!!! vacuo to give a red-orange solid.

While re-

crystalli.zing the product from boiling acetone a large portion of the product was lost because of a spill, yield 1.43
g, mp 186~5-188° [lit. (187) mp 186-187°] (187).
Preparation .Qf phenacyltriphenylphosphonium bromide
(189).--Triphenylphosphine 3.930 g (0.0151 moles) was dissolved in 30 ml chloroform and 2.994 g (l.0151 moles) phenacylbromide (recry. from abs ethanol) was added.

This

solution was poured into 400 ml abs ether causing a white
solid to precipitate.

TQe solid was filtered, and dried

2 hr at 70•, yield 3.408 g (49.3%), mp 267-270° [lit. {189)
mp 267-269• (77.7%)] (189).
Attempted preparation .Qf pyridinium cyanomethylid.-Potassium acetate 0.0981 g (0.00100 moles) and 0.1546 g
(0.00100 moles) 1-(cyanomethyl)pyridinium chloride were dissolved in 20 ml water and stirred 30 hr.

No color change

occurred, nor did any solid separate indicating no reaction
had occurred.
In a second attempt, identical amounts of both reactants were dissolved in 25 ml abs ethanol and stirred 3 hr
at room temperature.

The reaction turned dark red-brown and

showed intense blue fluorescence.

The ethanol was removed

..!!! vacuo, then the residue placed on a steam plate to remove
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any excess ethanol.

The odor of pyridine was present in

the remaining black resin.

Apparently the ylid was formed

to some degree but was not stable under the conditions used
for isolation.
Attempted preparation of 1-(bromocyanomethyl)pyridinium bromide.--Sodium metal 0.230 g (0.0100 moles)
was dissolved in 20 ml abs ethanol and cooled in ice.

While

flushing the reaction flask with dry nitrogen a solution of
1.546 g (0.0100 moles) 1-(cyanomethyl)pyridinium chloride
in 25 ml abs ethanol was added dropwise.
formed immediately then became green.

A yellow solid

To this 1,600 g

(0.0100 moles) bromine in 20 ml abs ethanol was added causing the reaction to turn brown.

Filtration gave a brown

solid 1.010 g (98% recovery of NaBr).

Evaporation!!! vacuo

gave approx. 10 ml of a gummy residue which was not purified.
It was thought the reaction conditions were too severe
possibly causing trimerizatiE>n or polymerization.
A second reaction was carried out by dissolving
0.230 g (0.0100 moles) sodium metal in 30 ml abs ethanol
and cooling this to -82 8 •

To this was added a solution of

1.546 g (0.0100 moles) 1-(cyanomethyl)pyridinium chloride
in 30 ml abs ethanol.

This caused the formation of a yel-

low solid. Bromine 1.600 g (0.0100 moles) was added dropwise.

The reaction mixture was warmed gradually to room

temperature and a light brown solid isolated by filtration
(NaBr).

The filtrate was evaporated.!!! vacuo to a volume

of approx. 10 ml, at which point a yellow-brown solid was
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present.

This was filtered and dried, yield 0.870 g,

mp 152-154°.

The ir spectrum was identical to the start-

ing material, mp 172.5-174•.

The mixed mp was 152-157•.

It was·concluded this was 1-(cyanomethyl)pyridinium bromide
(44%).
Potassit.nn acetate 0.0981 g (0.00100 moles) and
0.1540 g (0.00100 moles) 1-(cyanomethyl)pyridinium chloride
were combined, and a solution of 0.1620 g (0.00103 moles)
bromine in 10 ml abs ethanol was added.

The mixture was

refluxed 10 min giving a bright yellow solution.

The reac-

ion mixture was evaporated in vacuo and 3 ml of a 50150
mixture of abs ether and abs ethanol was added.

After 3 hr

a solid formed, which was isolated by filtration to yield
0.1021 g.

The ir spectrum indicated this to be a mixture

of potassium bromide and 1-(cyanomethyl)pyridium bromide.
Attempted preparation .Q.f

.la.l:.(cyan~thyl)dipyridin

ium bromide.--Five attempts were made to prepare this compound..

Pyridine and dibromoacetonitrile were combined in

the following molar ratios1 111, 1.511, 211, arid twice 411.
In each reaction the reactants were combined at room temperature.

After 10 min if no apparent reaction had occurred the

reactions were warmed on a steam plate.

In each case heat-

ing caused the formation of a red-black polymeric material
from which the desired product could not be isolated.
Preparation of a-cyanobenzylbenzenesulfonate
(190).--Benzaldehyde 0.532 g (0.0050), 0.888 g (0.00503
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moles) benzenesulfonyl chloride and 0.245 g (0.00500 moles)
sodium cyanide were combined in 1.5 ml water and allowed to
stand 3 hr in an ice bath.

A cream colored solid was isolat-

ed by filtration and dissolved in 2.5 ml of a cold mixture
of acetone, abs ethanol, and abs ether (21211).

The undis-

solved material was filtered off and discarded.

The additon

of 1.5 g ice to the filtrate caused an oil to separate
which solidified on standing at 0°.

The product was isolated

by filtration and air dired, yield 0.887 g (64.7%), mp 55.0-

57.00 (lit. (190) mp 54.5-56.50 (83.3%)] (190) •
. Preparation of

~thylsulfonylacetonitrile

(19!2.•-

· A solution of 14.20 g (0.163 moles) methylthioacetonitrile
in 17 ml glacial acetic acid was added dropwise to a mixture of 65 ml glacial acetic acid, 50.00 g (0.44 moles) 30%
hydrogen peroxide, and 217 ml cone sulfuric acid.

The rate

of addition was such that the temperature was maintained
between 10-20°, while cooling the reaction in an ice bath.
The dropping funnel was rinsed with 2.5 ml glacial acetic
acid, and the reaction mixture was allowed to stand at 15-20°
for 24 hr.

The solvent was removed !.!l vacuo giving a light

yellow oil which crystallized upon cooling 2 hr in a refrigerator.

The solid was dissolved in 24 ml hot water

then filtered through a Celite pad, and the pad washed with
3 ml hot water.
ed,

Upon cooling a beautiful white solid form-

This was isolated by filtration and washed with cold

water.

Air drying over·night gave a 16.21 g (83.4%) yield,
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mp 80-82• [lit. (191) mp 83.5-84.S• (79%)] (191).
A second reaction using the same procedure gave
91.1% yield, mp 79-80•.
Preearation .2.f

~thylsulfinylacetonitrile

(192).--

A solution of 21.8 g (0.251 moles) methylthioacetonitrile
in 37 ml acetone was prepared and 23.7 g (0.20 moles) 30%
hydrogen peroxide added followed by stirring for 48 hr at
room temperature.

The mixture then was evaporated in vacuo

to a constant volume giving a colorless oil which solidified on standing over night in a refrigerator.

The solid

was recrystallized from 12 ml isopropyl alcohol to give
15.38 g (73.8%) yield of pure white crystals, mp 46-48°
[lit. (192) mp

1° (54%)] (192).

Preparation .Qf ethyl

(«-methylsulfonyl)!,g~ate.-

Methylsulfonylacetonitrile 10.60 g (0.0840 moles) was combined with 20 ml abs ethanol and 8.9 ml cone sulfuric acid
and refluxed with stirring for 6 hr.

The solid present

initially dissolved rapidly and after 4-5 hr refluxing a
solid began to come out of solution.

After cooling to room

temperature 43 ml water was added dissolving the solid that
had formed.

The reaction was extracted with three 15 ml

portions of ether.

Then the combined ether

washed with 6 ml 10% sodium carbonate.
ether phase gave only salt.

ex~racts

were

Evaporation of the

The combined aqueous portions

were evaporated .!!!-vacuo to a constant volume, giving a
yellow liquid with a sweet odor.

After standing in an ice
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bath 15 min the oil had partially

cry~tallized,

and the

solid was isolated by filtration, yield 5.39 g (40.2%),
mp 91-108°.
Preparation .Qi 6-Amino

.§.!:!bs~tuted

Pteridines
Attempted preparation of 2,4,7-triamino-6-anilinopteridine and 2-phenyl-4,7-diamino-6-anilinopteridine.-The attempted synthesis of 2,4,7-triamino-6-anilinopteridine and 2-phenyl-4,7-diamino-6-anilinopteridine are considered together because of the

simili~rity

of approach used

in the attempted synthesis of these compounds.

In total,

twenty-five attempts were made to prepare these compounds;
however, in·. no case was the desired compound isolated.

The

reactions usually gave a brown-black polymeric material as
the only isolated product.

Without exception the reaction

mixtures showed blue, blue-violet, or violet fluorescence
suggesting the possible presence of the desired pteridine.
In most of the reactions an acylated intermediate would have
been formed. ·Had these intermediates been isolated, they
would have been hydrolysed to give the desired product.
Three.general approaches were used in the attempted
preparations.

A typical reaction using each approach is

given with the reactions being summarized in Tables 10,11
and 12.
Potassitun acetate (0.00100 moles), 0,00100 moles
1-(cyanomethyl)pyridinitun chloride and 0.000500 moles 2amino-4 ,6-diacetamido-5-nitrosopyrimidine were combined
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and a solution of 0.00108 moles aniline in 25 ml dimethylsulfoxide added to the solid reactants, and refluced 15 min.
The color changed to a dark, red-brown and showed violet
fluorescence.

The solvent was evaporated in

.Y..€!CUO

and the

residue swirled in ethanol and ether in an attempt to isolate the product.

See Table 10 for a summary of the reac•

tions using this first general procedure.
Table 10
The Attempted Preparation of 6•Anilinopteridines
Using 1-(Cyanomethyl)pyridinium Chloride
Pyrimidine
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The second route proceeded via a 6-bromopteridine
derivative which was reacted ,!!!

!1t.'!:! with aniline to give the
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desired product.

A

typic~l

attempted preparation was as fol-

lows 1 0.0.01 moles bromo(triphenylphosphoranylidene)acetonitrile and 0.0005 moles 2-amino-4,6-diacetamido-5-nitrosopyrimidine were combined in 20 ml of abs ethanol.

A solution

of 0.001 moles aniline in 10 ml abs ethanol then was added
to this mixture and the reaction mixture refluxed for 8 hr.
Upon cooling a solid formed and was isolated by filtration,
washed with water, the abs ethanol, and air dired.

In this

specific reaction the product was 2,4,6-triamino-5-nitrosopyrimidine.

Reactions attempted using the second general

method are summarized in Table 11.
Table 11
The Attemped Preparation of 6-Anilinopteridines Using
Bromo(triphenylphosphoranylidene)acetonitrile
Pyrimidine

Aniline
Derivative

Solvent

Reaction
Temp.

Reaction
Time

Flrorescence
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Table 11--Continued
Pyrimidine . Aniline
Derivative

----

Solvent

Reaction
Temp.

Reaction
Time

Fluorescence
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The third route attempted was the base catalyzed
condensation of a-anilinoacetonitrile with acylated aminonitrosopyrimidines.

Atypical reaction proceeded as followsa

a solution of 0.001 moles freshly prepared sodium methoxide
in 10 ml dimethylsulf oxide was added to a solution of 0.001
moles a-anilinoacetonitrile and 0.0005 moles 2,4,6-triacetamido-5-nitrosopyrimidine in 20 ml dimethylsulfoxide.
An immediate color change occurred from green to very dark
red-black.

The reaction was stirred 16 hr at room tempera-

ture; the the solvent was evaporated in

~£!!2·

The addition

of water to the residue caused the separation of a pink
solid, which was identified as 2,4,6-triamino-5-nitrosopyrimidine.

Other reaction attempts following this third

general procedure are summarized in Table 12.
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Table 12
The Attempted Preparation of 6-Anilinopteridines
Using a-Anilinoacetonitrile
Pyrimidine
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aHeated to reflux initially then allowed to come to
room tempature gradually.
b

The sodium hydride was added to the DMSO generating
the dymsyl ion which then became the base.

81

Attempted preparetion .2f.

1.a!!.i~~~mino-.§.:~zyl

aminopteridine. --Two general methods were used to attempt
the preparation of this compound.
were made.

In all, seven attempts

The desired product was never isolatedr paper

chromatography showed that any isolated products were complex mixtures.

The reactions typically gave a brown-black

polymeric residue from which the desired compound could not
be isolated.

Ihe reactions in all cases would have given

either a 4-acetamido- or 2,4-diacetamido- intermediate.
Had these been isolated they could have been hydrolysed
to give the desired products.
A typical reaction fo the first type is as followsa
0,000500 moles 2~amino-4,6-diacetamido-5-nitrosopyrimidine,
0.00100 moles 1-(cyanomethyl)pyridinium chloride, and
0.00100 moles potassium acetate were combined and IO ml abs
ethanol containing 0.000106 moles benzylamine was added to
the solid mixture.
then cooled in ice.
filtration.

13.

The mixture was refluxed with stirring,
The solid present was isolated by

Reactions of this type are summarized in Table
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Table 13
The Attempted Preparation of 2,4,7-Triamino-6benzylaminopteridine Using 1-(Cyanomethyl)pyridinium Chloride
Pyrimidine

Base

Solvent

Reaction
Time

Reaction
Temp.

Fluorescence

Ill

µ

53

.µ

µ

::s
.....
µ

Cl)

'§

I

'$

fil
:I

µ

.....
.µ

Cl)

.0

Cl)

::sCl)

I

N

N

NH2

NHAc

KOAc

EtOH

15 min

reflux

blue

NH2

NHAc

NaOMe

DMSO

15 min

reflux

blue

NH2

NHAc

NaOMe

DMF

20 min

reflux

green

NHAc

NHAc NaOMe

DMF

15 min

reflux

blue

In a typical reaction by the second method attempted
O.OOOSmolesa-benzylaminoacetonitrile hydrochloride was combined with 0.0005 moles 2-amino-4,6-diacetamido-5-nitrosopyrimidine and refluxed for 20 min in 10 ml dimethylf ormamide containg 0.001 moles sodium methoxide.

The salt

present was filtered off and the reaction solvent then
removed

.in

vacuo.

The residue was stirred in 30 ml of a

50150 of 90% formic acid and cone hydrochloric acid for
4 hr.

A brown-pink solid was isolated upon cooling.

was mainly starting material.

This general method was

This
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used two more times, once exactly the same as the first
reaction except sodium ethoxide was used as the base.

The

third trial used 2,4,6-triamino-5-nitrosopyrimidine and
sodium methoxide in dimethylformamide.
Attempted preparation of l.J.4,7-triamino.;.7-(4-nitroanilino)pteridine.--A solution of 0.00101 moles freshly
prepared sodium methoxide in 25 ml dimethylformamide was
prepared.

This was added to 1.804 g (0.00100 moles)

p-nitroacetanilide, 0.15455 g (0.00100 moles 1-(cyanomethyl)pyridinium chloride and 0.1192 g (0.000500 moles)
2-amino-4,6-diacetamido-5-nitrosopyrimidine.

The reaction

was refluxed 5 min causing a rapid color change from blue to
green to yellow-brown to red-brown.

After cooling in ice,

sodium acetate was filtered off, and the filtrate evaporated
in vacuo giving a brown residue;
acylated

pterid~ne

believing this to be the

intermediate, 25 ml cone hydrochloric

acid was added to the residue and stirred over night.

The

reaction was made basic (approx pH 9) with cone ammonium
hydroxide.

Upon cooling a brown solid was isolated by filt-

ration and dried; yield 0.0739 g.
no aromatic protons.

The nmr spectrum showed

This indicated the isolated solid was

not the desired product.

The ir spectrum and paper chromato-

graphy indicated the product to be a mixture.

No further

identification was made.
The reaction was attempted a second time using
exactly the same amount of each reagent except commercial
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sodium methoxide was used and the solvent was 25 ml abs
ethanol,

The reaction was refluxed 10 min and gave color

changes similar to the previous reaction.
mixture showed violet flurorescence.

The reaction

A black-brown solid

was isolated by filtration after cooling the mixture in ice.
Hydrolysis of this solid was attempted identically to the
previous reaction; only an unidentified black resin like
material could be isolated.
Attempted preparation of 2,4,7-triamino-6-(4-bromoanilino)pteridine.--Th.e synthesis of this compound was
attempted twice, using exactly the same procedures as the
two attempted syntheses of the 4-nitroanilino analog just
discussed.

The desired product was not isolated, paper

chromatography indicated a mixture.
Attempted preparation of 2,4,7-triamino-6-(2-phenylhydrazino)pteridine.--Using the same general procedure as
for the attemped synthesis of the 4-nitroanilino- analog,
the preparation of the 6-(2-phenylhydrazino) derivative
was attempted.

The reaction mixture showed blue-violet

fluorescence; however, the only product isolated was a
black resin-like material.
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6-Thiopteridines, (Excluding Those Prepared ].i
Nucleophilic Displacements)
Preparation .Qi 2,4,7-triamino-6-hexvlthiopteridine
( 77 ).--A solution of 1.185 g (0.0100 moles) 1-hexanethiol
in 100 ml abs ethanol was added to a mixture of 1.196 g

(0.00504 moles) 2-amino-4,6-diacetamido-5-nitrosopyrimidine, 1.548 g (0.0100 moles) 1-(cyanomethyl)pyridinium
chloride and 0.981 g (0.100 moles) potassium acetate.
The reaction mixture was refluxed with stirring for 15 min,
causing the color to change from dark green to red-brown.
After cooling over night in ice the product was filtered
and washed with water then with ethanol.
evaporated
duct.

~

The filtrate was

vacuo to give a second crop of acylated pro-

This was hydrolyzed by stirring for 20 min at room

temperature in 50 ml cone hydrochloric acid.

This was neu-

tralized with cone ammonium hydroxide causing the precipitation of a yellow-brown solid.

This was isolated by filtra-

tion, yield 0.6717 g (93.5% yield on hydrolysis).
yield of combined fractions 89.7%.

over all

Paper chromatography

Rf valuesa system A. 0.401 B, 721 C, 0.56.

[identical to

literature (77)].
A second reaction was carried out on exactly 1/10
scale of the above reaction.

The procedure was identical

to the· first preparation.
A third preparation used a modified route.

The

sodium salt of 0.1202 g (0.00102 moles) 1-hexanethiol was
prepared by dissolving 0.0238 g (0.00103 moles) sodium
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metal in 10 ml abs ethanol, and adding the indicated thiol.
This solution was then added to a mixture of 0.1546 g
(0.00100 moles) 1-(cyanomethyl)pyridinium chloride, 0.1191 g
(0,000500 moles) 2-amino-4,6-diacetamido-5-nitrosopyrimidine, and 0.0981 g (0.00100 moles) potassium acetate.

The

reaction was refluxed for 10 min giving similiar color
changes to those previously noted.

The yield of acylated

intermediate upon isolation by filtration and drying was
0.0404 g (24.9%) of a dark brown solid.

Removal of the

ethanol .!!!. vacuo and hydrolysis of the residue with 5 ml cone
'

hydrochloric acid gave upon neutralization with cone ammonium_
hydroxide and the addition of 5 ml water 0.0802 g (54.7%)
of the product as a dark brown solid.
Preparation .Qf 2,4,7-triamino-6-methylthiopteridine
.--A solution of 10 ml abs ethanol containing 0.00100 moles
of the sodium salt of !methanethiol prepared by saturating a
solution of 0.0230 g (0.00100 moles) sodium metal in 10 ml
abs ethanol with methanethiol, was added to a mixture of
0.1568 g (0.00101 moles) 1-(cyanomethyl)pyridinium chloride,
0.1191 g (0.000500 moles) 2-amino-4,6-diacetamido-5-nitrosopyrimidine, and 0.0991 g (0.00101 moles) potassium acetate
in 10 ml abs ethanol.

The mixture was refluxed for 5 min.

The resulting solution gave a blue-violet fluorescence.
Upon cooling a dark brown solid was isolated by filtration,
washed with water then with ethanol.

The filtrate was evap-

orated _!!! vacuo, and the residue hydrolysis was attempted
by stirring at room temperature for 30 min in cone
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hydrochloric acid.

Upon neutralization with cone ammonium

hydroxide a dark brown solid was isolated by filtration;
yield 0.283 g.

Both these products were isolated impure,

and the ir spectrum showed a nitrile stretching vibration at
2400 cm- 1 •
A second reaction was carried out using the same
amount of each reagent as in the first attempt.

The reaction

was carried out identically, except during the preparation
of the sodium salt of methanethiol, the ethanol was cooled
in a dry ice bath and saturated with methanethiol, thereby
giving a much larger excess of the free mercaptan.

The pro-

duct isolated upon the initial f il tra ti on was salt; therefore, as in the first attempt the filtrate was evaporated
and

the hydrolysis of the residue was attempted in cone

hydrochloric acid.

The yield of brown solid was 0.0182 g.

Again the ir spectrum showed a nitrile stretching vibration
at 2400 cm- 1 1 however, the product contained less polymeric
type material.
A third attempt was made on the same scale; however,
the sodium salt of methanethiol was isolated and 0.0701 g
(0.00100 moles) of this salt was combined with the other
reagents in 10 ml abs ethanol.

Refluxing 5 min and the

usual work up gave a dark brown impure product.
The fourth method attempted did give the desired
product.

The reaction was repeated four other times with

only minor variations, which will be noted.

A typical

reaction was carried out by combining 1.546 g (0.0100 moles)
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1-(cyanomethyl)pyridinium chloride, 1.191 g (0.00500 moles)
'

2-amino-4,6-diacetamido-5-nitrosopyrimidine and 0.981 g
(0.0100 moles) potassium acetate.

A 50 ml solution of abs

ethanol saturated with methanethiol was added to these
reactants and the reaction refluxed for 5 min, while continuously maintaining a methanethiol atmosphere over the reaction mixture.

The color changed gradually from blue to a

yellow-brown.

Upon cooling in ice, then filtering and wash-

ing with water and ethanol, a dry yield of 0.9357 g (70%)
was obtained.

A 0.926 g port.ion of this product was hydrol-

yzed by stirring 30 min at room temperature in 20 ml cone
hydrochloric acid.

The reaction was allowed to stand for

30 min _and a yellow solid formed.

lbe reaction was then

neutralized with cone ammonium hydroxide and 20 ml water
added.

Cooling in ice 2 hrs, then filtering and drying gave

0.578 g (63.6%) of the hydrochloride salt of the product.
The free base was obtained by dissolving 0.296 g of the salt
in approximately 60 ml of lal dimethylformamide•water mixture and adding 10 ml cone ammonium hydroxide.

This mix-

ture was heated to reflux and slowly allowed to cool.

Fil-

tration and drying gave 0.183 g (72.7%) of the desired product as the free base. The reaction was repeated following the same general procedure; however, in trying to
obtain the free base from the hydrochloride salt it was
found that refluxing the hydrochloride salt of the pteridine
for 24 hr in the dimethylformamide-water and cone ammonium
hydroxide solution previously described gave the best
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conversion

~o

the free base.

The analytical sample was

recrystallized from dimethylformamide and waters paper
chromatography Rf values, system, (A) 0.44, (B) 0.57, (D)
0.601 ir (No. 1, p 169)1 uv max in 4.5% formic acid 288 nm
(log

e 3.94), 365 nm (log e,4.33).
Anal. Calcd for c 7 H9 ~7s1 c, 37.66; H, 4.06; N,

43.92.

Founds C, 37.41; H, 4.06; N, 43,91.
Attempted 1?£eparation .Qf

~.§!.g}ino-4(3H)-oxo-6-hexyl

thiopteridine. --A slurry of 0.1971 g (0.00100 moles)
xanthopterin monohydrate in 15 ml n-hexylmercaptan was
heated to 115° and stirred for 3 hr, while hydrogen chloride gas continuously bubbled through the reaction mixture.
Solid was always present and was isolated after cooling in
ice, yield 0.2830 g.

A sodium fusion and lead acetate test

gave a positive test for sulfur.

The ir spectrum was

different from the starting material but was similar to
xanthopterin hydrochlorides however, the nmr spectrum in
DMSO-d 6 showed only weakly the present aliphatic protons.
The uv spectrum at pH 1 was ,not taken quantitatively uv max
262 nm, 302(S) nm, 355 nma xanthopterin 260 nm, 356 nm.
Theoretical yield as xanthopterin hydrochloride 0.201 g.
Attempted preparation .Qf 2-amino-4(3H)-oxo-6:.l?h.enylthiopteridine.--A slurry of 0.1971 g (0.00100 moles) xanthopterin monohydrate in 5.0 ml thiopenol was refluxed for
4 hr, while bubbling hydrogen chloride gas through the
reaction mixture continuously.

Solid was present
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continuously and was isolated by filtration after cooling,
yield 0.2204 g.

The ir spectrum was very similar to that

for the product of the 6-hexylthio derivative just given.
This product gave a positive lead acetate test for sulfur.
Preparation of 2,4,7-triamino-6-methylsulfonylpteridine (77).--A solution was prepared containing 5.957 g
(0.0500 moles) methylsulfonyla,cetonitrile, 5.957 g (0.0250
moles) 2-amino-4,6-diacetamido-5-nitrosopyrimidine, and
4.927 g (0.0502 moles) potassium acetate in 250 ml abs
ethanol.

This was .refluxed with stirring

l~

hr, during

this period the color slowly changed from blue to orange.
The ethanol was evaporated in vacuo giving a dark brown
residue, which was stirred for 1\ hr at room temperature
in 250 ml cone ammonium hydroxide.

After 2 days of cool-

ing in ice the product was isolated by filtration and oven
dried, yield 5.067 g (79.5%).

A 4.65 g portion was re-

crystallized from dimethylformamide and water to give 3.51 g
(75.6% recovery).

The ir spectrum was identical to the

spectrum of the product prepared by

w.

Wesley Parish (77),

ir (No. 2, p 169); nmr in TFA 3.54 ().
Preparation of 2,4,7-triamino-7-methylsulfinyl•
pteridine.--The preparation of this compound was attempted
by three routes, only the third route gave the desired product.

For the first route attempted a 0.502 M aqueous sol-

ution of sodium metaperiodate was prepared by dissolving
0.00528 moles of the salt in 10.5 ml water.

Then 5 ml of
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this solution was combined with 5 ml dimethylf ormamide.
To this solution 0.223 g (0.00100 moles) 2,4,7-triamino-6methylthiopteridine was added and the mixture was stirred for
12 hr while being cooled in an ice bath.

The solid present

was then isolated by filtration washed with ethanol and
dried at 65° for 12 hr, yield 0.229 g.

The ir spectrum

indicated this to be almost completely starting.material.
This general procedure was repeated three times with the
following modifications; (1) In 20 ml dimethylformamide 0.0005
moles of the pteridine and 0.0007 moles of the salt were
heated 2.2 hr at 100•.

The starting material was the main

product recovered; however, another fluorescent spot was
present on a thin layer chromatogram.

(2)

Using exactly

the same amounts of each reactant this attempt was stirred
at room temperature 72 hr; only starting material was present.

(3) In 15 ml dimethylformamide 0.0005 moles pteridine

and 0.0005 moles of the salt were refluxed 10 hr.

This

gave a product which gave 6 spots on thin layer chromatography.
The second route attempted was a Timmis type synthesis, 0.023 g (0.0010 moles) sodium was dissolved in abs
methanol, 5 ml dimethylformamide added, and the excess
alcohol boiled off.

This was added to 0.103 g (0.00100

moles) methylsulfinylacetonitrile and 0.119 g (0.00500
moles) 2-amino-4,6-diacetamido-5-nitrosopyrimidine, and an
additional 5 ml dimethylformamide added.

The reaction

mixture was stirred 5 min at room temperature causing the
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color to change from blue to green.

The mixture was then

refluxed 10 min causing a color change to red-brown.

The

reaction mixture showed blue fluorescence but the desired
product was not isolated.

This was repeated as above except

the reaction mixture was immediately refluxed 10 min upon
combining the reactants.

Again no pteridine was isolated.

A third reaction was carried out using freshly prepared
sodium ethoxide with abs ethanol as the solvent.
dark brown impure solid in very low yield.

This gave

A fourth reac-

tion was attempted using sodium methoxide in dimethylformamide, methylsulfinylacetonitrile and 2,4,6-triamino-5nitrosopyrimidine; this was refluxed 5 hr.
solid was isolated.

A brown-pink

The ir spectrum suggested this was

mainly starting materials however, this gave yellow-green
fluorescence.

A fifth reaction was attempted· using potass-

ium acetate as the base with 2-amino-4,6-diacetamido-5nitrosopyrimidine in abs ethanol and refluxed 1 hr.

Only

the deacylated pyrimidine was isolated; although, the reaction mixture showed blue-violet fluorescence.
The route which eventually worked was attempted
thirteen times, often giving the mixed 6-methylsulfinyl and
6-methylsulfonylpteridines.
out as follows1

A typical reaction was carried

A solution of 5.601 g (0.251 moles)

2,4,7-triamino-6-methylthiopteridine and 5.071 g (0.0249
moles) 85%

~-chloroperoxybenzoic

acid in 125 ml dimethyl-

formamide was stirred for 112 hr at room temperature.

Ini-

tially, considerable heat of solution was liberated and the
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reaction cooled in cold water.

The reaction mixture was

filtered and the product air dried 20 hr giving 2.313 g.
The filtrate was evaporated in vacuo.

The.residue was

slurried in abs ethanol, filtered and dried, yield 2.810 g.
Combined yield 5.113 g (85.9%).

The analytical sample was

recrystallized in a 70% yield from 311 formic acid-water.
Paper chromatography Rf values, system (B) 0.47, (D) 0.63;
ir (No. 3, p 169); nmr in TFA 3.34 61 uv in 4.5% formic
acid, 288 nm (loge 3.70), 364 nm (loge 4.14).
~·

Calcd for c7H9N7osa C, 35.14; H, 3.79; N,

40.981 S, 13.40.

s, 13.59.

Founds C, 35.48; H, 3.93; N, 41.35;
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Table 14
The Preparation of 2,4,7-Triamino-6-methylsulfinylpteridine
with .m-Chloroperoxybenzoic Acid
Ratio of
oxidant to pteridine

Solvent

Reaction
Temp.

Reaction
Time

Product

0.911

DMF

-1s•c

30 min

starting
material

0.911

DMF

R. T.

24 hr

mixeda

0.911

DMF

R. T. b

22 hr

mixedc

0.911

DMF

R.T.

42 hr

mixeda

111

DMF

R.T.

40 hr

mixeda

111

DMF

R.T.

48 hr

mixeda

0.911

DMF

12 hr

mixeda

0.911

DMF

38 hr

mainlyd
sulfoxide

111

DMF

36 hr

mainlyd
sulf oxide

0.911

DMF

48 hr

mainlyd
sulfoxide

. 0.911

DMF

R.T.

108 hr

mixedd

111

DMF

R. I.

112 hr

sulfoxide

product.

aA mixture of starting material and the desired

bHeated to reflux initially then allowed to stir at
room temperature the indicated time.
cA mixture of the 6-methylsulfinyl and 6-methylsulfonylpteridinee
dMainly the desired product, but the reaction was
still incomplete.

9.5

Nucleophilic Displacements .Q!! 6-Methylthio-,
6-Methylsulfinyl-, and 6-Methylsulfonyl-Aminopteridines
Displacement With Thiols
Attempted preparation .Qf.

2,4,7-triamino•6~phenvl

thiopteridine.--A suspension of 0.116 g (0.000520 moles)
2,4,7-triamino-6-methylthiopteridine was refluxed in 5 ml
thiophenol for 5 hr under a dry nitrogen atmosphere.

Cool-

ing and filtering gave a 95.7% recovery of the starting
material.

Thin layer chromatography in systems A, B, and

D showed no spot corresponding to the desired product.
Preparation .Qt: 2,4,7-triamino-6-phenylthiopteridine.--A solution of 0.1276 g (0.000500 moles) 2,4,7triamino-6-methylsulfonylpteridine and 5 ml thiophenol
was refluxed for 5 hr under a nitrogen atmosphere causing
a color change from brown to yellow.

After cooling the

solid was isolated by filtration and washed with abs ethanol, and dried 2\ hr at 65 8 , yield 0.1200 g (84.7%).

The

ir spectrum was identical to that for the same product prepared via an alternate route by

w.

Wesley Parish (73).

Thin layer chromatography in systems A, B, and D showed
only a trace amount of starting material.
The reaction was repeated using 2 moles of thiophenal to 1 mole pteridine in dimethylformamide and refluxing 5 hr.

The product was isolated after evaporation of the

solvent 1!l vacuo, and slurring the residue in ethanol.

The
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product was then filtered and dried, yield 73.1%.
A mixture of 0.120 g (0.000500 moles) 2,4,6triamino-6-methylsulfinylpteridine and 0.110 g (0.00100
moles) thiophenol in 5 ml dimethylformamide was refluxed

5 hr, then evaporated to dryness .!!! vacuo. The residue was
slurried in 10 ml ethanol and filtered to give the yellow
product, yield 0.130 g (90.1%).

The ir spectrum showed

this to be the desired product.

Th.is was also verified by

thin layer chromatography in systems A1B, and D.
Preparation .Qf 2,4,7-triamino-6-(4-chlorophenylthio)pteridine.--A solution of 0.1276 g (0.000500 moles)
2,4,7-triamino-6-methylsulfonylpteridine and 0.1431 g
(0.000990 moles) _E·chlorobenzenethiol were refluxed for
7 hr under a nitrogen atmosphere.

The reaction was evapor-

ated to dryness .!.!! vacuo and the residue slurried in 5 ml
ethanol then isolated by filtration and dried 15 hr at 65•,
yield 0.1362 g (86.3%).

The ir spectrum of the product

was identical to the product prepared by W. Wesley Parish
~

a different route (73,217).
Preparation .Qf 2,4,7-triamino-6-benzylthiopteri-

dine.--In 5 ml benzylmercaptan 0.1276 (0.000500 moles)
2,4,7-triamino-6-methylfulsonylpteridine were combined and
refulxed 5 hr under a dry nitrogen atmosphere.

After

cooling over night a brown solid was isolated by filtration,
and washed with ethanol and dried, yield 0.0337 g (11.7%).
The ir spectrum indicated a complex mixture containing
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some of the desired product.
A and B gave

A

Paper chromatograph in system

spot corresponding to the product. This

reaction was repeated without purging the reaction with
nitrogen and gave dibenzyldisulfide as the only isolated
product.
A third reaction carried out using 2 equivalents
of the thiol to 1 equivalent of the pteridine in dimethylformamide gave a low yield of an impure product.
Attempted preparation .5lf. 2,4,7-triamino-6-hexylthiopteridine.--A solution of 0.1276 g (0.000500 moles)
2,4,7-triamino-6-methylsulfonylpteridine in 5 ml n-hexylmeracaptan was refluxed 5 hr under a dry nitrogen atmosphere.

After cooling over night, filtration and drying

gave 0.1216 g of yellow solid.

The ir spectrum indicated

this was mainly starting material (95,31. recovery).

Paper

chromatography in system A and B gave a spot corresponding to the desired product.
Attempted

preparation~

2,4,7-triamino-6-cyclo-

hexylthiopteridine.--A 5 ml solution of dimethylformamide
containing 0.1276 g (0.000500 moles) 2,4,7-triamino-6methylsulfonylpteridine and 0.1318 g (0.00115 moles)
cyclohexylmercaptan was refluxed 7 hr under a dry nitrogen
atmosphere.

The solvent was evaporated in vacuo and the

residue slurried in 5 ml ethanol.

Filtration and drying

gave 0.1084 g of a dark brown solid.

The ir spectrum

indicated this product consisted mainly of starting
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material.

Paper chromatography in systems A and B showed

the slight presences of the desired product (218).
Attempted preparation of 2,4,7-triaminothiazolo[5,4-s]pteridine.--A soltuiort of 0.1276 g (0.000500 moles)
2,4,7-triamino-6-methylsulfonylpteridine and 0.097 g (0.0010
moles) potassium thiocyanate was refluxed for 70 hr, then
evaporated in vacuo to dryness.
in 5 ml abs ethanol.

The residue was slurried

The solid present was isolated by

filtration and dried, yield 0.1455 g light brown solid,

The

ir spectrum was aimost identical to the starting material
except for a band at 2050 cm·l, suggesting a mixture of
the starting materials.

Thin layer chromoatography in

systems A, B, and D showed only starting materials.
The reaction was repeated by fusing potassium
thiocyanate with the same starting pteridine, and recovered only starting material.
Dis~lacements

With Amines

Preparation .2f 2,4,7-tris(benzylamino)-6-methylsulfonylpteridine.--Th.e preparation of this compound was
carried out sixteen times; these efforts are summarized
in Table 15.

The following example gives the general

procedure that was followed.

A solution of 0.2552 g

(0,00100 moles) 2,4,7-triamino-6-methylsulfonylpteridine in
5 ml benzylamine was refluxed 10 hr, then evaporated to
dryness ..!!! vacuo and the residual oil slurried in 10 ml
abs ethanol.

After standing over the week-end, the product
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was isolated by filtration and washed with 2 ml ethyl ether
and oven dried at 65•, yield 0.1094 g (43.5%).

The product

was recrystallized in a 60% yield from dimethylformamide
and water with Norite treatment.

See Table 16 for a summary

of uv data and elemental analyses, ir (No. 4, p 169).
Table 15
The Preparation of 2,4,7-Trisbenzylamino-6-methylsulfonylpteridine from 2,4,7-Triamino-6methylsulfonylpteridine
Molar ratio of
benzylamine to
pteridine

Solvent

Reaction .Reaction
Temp.
Time

large excess

¢CH2NH 2

reflux

20 min

¢cH 2NH 2

reflux

16~

¢cH 2NH 2

reflux

13 hr

15.2%

EtOH

reflux

12 hr

starting material

¢cH 2NH 2

reflux

11 hr

16.6%

¢CH 2NH 2

reflux

9 hr

13.8%

¢cH 2NH 2

reflux

6 hr

17.0%

¢CH2NH 2

reflux

13 hr

26.3%

¢cH2NH 2

reflux

11 hr

28.0%

¢cH2NH2

reflux

10 hr

20.8%

¢CH2NH2

reflux

9 hr

37.6%

¢cH2NH2

reflux

7 hr

40.9%

¢CH2NH2

reflux

5 hr

43.5%

¢cH2NH2b reflux

5 hr

29.4%

large excess
large excess
211
large excess
large excess
large excess
large excessa
large excessa
large excessa
large excessa
large excessa
large excessa
large excessa

hr

Yield

starting material
9.9%

100
Table 15--Continued
Molar ratio of Solvent
benzylamine to
pteridine

Reaction
Temp.

2011

DMSO

reflux

2011

HMPA

200°

Yield

Reaction
Time
7~

hr

not isolated

7!z hr

tar

aRecrystallized starting material used.
bOne drop of 'cone hydrochloric acid added to the
reaction mixture.
Preparation of 2,4,7-tris(4-methylbenzylamino)-6methylsulfonylpteridine.--A solution of 0.2552 g (0.00100
moles) 2,4,7-triamino-6-methylsulfonylpteridine in 7 ml 4methylbenzylamine was stirred at 175-185° for 5 hr under a
dry nitrogen atmosphere.

Ille excess solvent was evaporated

in vacuo and 3 ml abs ethanol added to the residue. After
cooling 21 hr an orange solid was isolated by filtration,
washed with ether and oven dried at 65°, yield 0.259 g
(20.4%).

Ille product was recystallized from dimethylforrn-

amide and water.

Physical and uv data and elemental analyses

are given in Table 16 (p 106): ir (No. 5, p 170), nmr .in TFA
7.27 6 (12H), 4.77 6 (6H), 3.41 6 (3H), 2.38 6 (9H).
Tilis reaction was repeated using a similar procedure except varing the reaction time; 7 hr, 12.1% yield;
9 hr, 46.6% yield (recryatallized starting material used).
Preparation of 2,4,7-tris(2,4-dimethylbenzylamino)6-methylsulfonylpteridine.--A solution of 0.2552 g
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(0.00100 moles) 2,4,7-triamino-6-methylsulfonylpteridine
(recrystallized) in 7 ml

2,4~dimethylbenzylamine

was heated

with stirring at 170-180° for 5 hr under a dry nitrogen
atmosphere.

The solvent was evaporated in vacuo and 5 ml

abs ethanol added to the residue.

The product was isolat-

ed by filtration and oven dried, yield 0.229 g (37.6%).
Each recrystallization from dimethylformamide and water
gave progressively poorer elemental analysis,

Physical and

uv data are given in Table 16 (p 106), ir (No. 6, p 170), nmr
in TFA 7.17 6 (12H), 4.87 6 (6H), 3.41 6 (3H), 2.38 6 (18H).

A second reaction was carried out using unrecrystallized starting pteridine for 9 hr at 175-185°, yield
20.4%.
A third reaction by the same procedure was carried
out using unrecrystallized starting pteridine for

5~

hr

at 180-185°, yield 20.5%.
Preparation of

2,4,7-tris(4-chlorobenzylamin~)-

6-methylsulfonylpteridine.--A solution of 0.2552 g (0.00100
moles) 2,4,7-triamino-6-methylsulfonylpteridine in 7 ml
4-chlorobenzylamine was heated with stirring for 9 hr at
175-190° under a dry nitrogen atmosphere.

Cooling in a

refrigerator 21 hr caused a yellow solid to form.

This was

isolated by filtration and dried at 65°, yield 0.1362 g
(21.7%).

This was recrystallized from 311 mixture dimethyl-

formamide and water.

Physical and spectral data are summ-

arized in Table 16 (p 106), ir (No. 7, p 170).
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Preparation of 2,4,7-tris(2,4-dichlorobenzylamino)6-methylsulfonylpteridine.--A solution of 0.2552 g (0.00100
moles) 2,4,7-triamino-6-methylsulfonylpteridine in 5 ml
2,4-dichlorobenzylamine was heated with stirring at 1801850 for 5 hr under a dry nitrogen atmosphere.

The excess

solvent was evaporated in vacuo and 3 ml abs ethanol added
to the residue,

Cooling in·a refrigerator

l~

days had

caused the separation of a yellow-orange solid which was
isolated by filtration, washed with ether and dried 2 days
at 65°, yield 0.2412 g (32.9%).
from dimethylf ormamide and water.

This was recrystallized
Physical and spectral

data are summarized in Table 16 (pl06 ), ir (No. 8, p 170).
Attempted preparation of

2,4,7-tri~!..!.!!o-6-

methylsulfonylpteridine.--A solution of 0.2552 g (0,00100
moles) 2,4,7-triamino-6-methylsulfonylpteridine in 10 ml
aniline was refluxed 9 hr under a dry nitrogen atmosphere.
After standing over night at room temperature a gold solid
was present and was isolated by filtration, yield 0.2221 g.
The ir spectrum indicated this to be the starting material
(8 7. 2% recovery).
Preparation of

2J4-dianilino-6-~t.hl.!.§.!Jlfonyl-

7-animopteridine. --A mixture of 0.127 g (0.000498 moles)
recrystallized 2,4,7-triamino-6-methylsulfonylpteridine,
5 ml aniline and 1 drop cone hydrochloric acid was refluxed
5~

hr under a dry nitrogen atmosphere.

The reaction was

evaporated !.!! vacuo to a constant volume, and 5 ml abs,
ethanol added to the residue causing the immediate
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separation of a yellow solid.

This solid was isolated

by filtration after cooling in ice 2 hr and dried 3 days at
6Se, yield 0.135 g (66.7%).

Tilis was recrystallized from

dimethylf ormamide and water.

Physical and spectral data

are summarized in Table 16 (p 106), ir (No. 9, p 171)•
Attempted preparation Qf 2,4,7-tris(cyclohexylamino)-6-methylsulfonylpteridine.--A slurry of 0.2552 g
(0.00100 moles) 2,4,7-triamino-6-methylsulfonylpteridine
in 5 ml cyclohexylamine was refluxed for 7 hr.

A solid

was present continuously during the reaction, and was
isolated by filtration after cooling 18 hr in a refrigerator.
solid.

Oven drying 15 hr at 65 9 gave 0.1984 g of yellow
Ille ir spectrum .showed this to be starting mat-

erial (77.8% recovery).
Preparation of 2,4,7-tris(phenethylamino)6-methylsulfonylpteridine.--A solution of 0.2252 g
(0.000883 moles) 2,4,7-triamino-6-methylsulfonylpteridine
in 5 ml

~-phenethylamine

dry nitrogen atmosphere.

was refluxed for

7~

hr under a

The excess amine was evaporated

in vacuo and 5 ml abs. ethanol added to the residue.

After

cooling 24 hr in a refrigerator a yellow-brown solid was
isolated by filtration, yield 0.1618 g (32.4%).
recrystallized from dimethylf ormamide and water.

This was
Physical

and spectral data are summarized in Table 16 (p 106),ir
(No. 10, p 171 ) •
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Preparation of 2,4,7-tris(benzylamino)-6-methylsulfinylpteridine.--A solution of 0.2393 g (0.00100 moles)
2,4,7-triamino-6-methylsulfinylpteridine in 5 ml benzylamine was heated with stirring under a dry nitrogen atmosphere for 5 hr at 175-180°.

The excess benzylamine was

evaporated in vacuo and 5 ml abs ethanol addid to the residue which caused the separation of an orange solid.

This

was isolated by filtration after cooling 4 hr in ice, then
dried; yield 0.1468 g (28.8%).

This was recrystallized

twice from dimethylformamide and water in a 72% yield1
mp 190-191°; ir (No. 11, p 171); uv max in 4.5% formic acid;
288 nm (log e 3,70), 364 nm (log e 4.14).
19.24,

!us!·
s, 6,29.

Calcd for C2aH27N70St c, 66.00; H, 5.34; N,
Founda

c,

65.81; H, 5.41; N, 19.34;

s,

6.44.

Attempted preparation .2f 2,4,7-tris(benzylamino)6-methylthiopteridine.--A sealed tube containing 0.1116 g
(0.000503 moles) 2,4,7-triamino-6-methylthiopteridine and
2 ml benzylamine was heated in a tube furnace to 2750,
cooled to 250°, then this temperature maintained 45 min.
this temperature caused decomposition of the reactants and
only a polymeric residue was isolated.
A second reaction was carried out in a sealed tube
using 0.0500 g (0.000224 moles) 2,4,7-triamino-6-methylpteridine and 1.5 ml benzylamine.
for 45 min.

This was heated to 200°

Filtration gave only the starting material.
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Attempted preparation of 2,4-bis(benzylamino)pteridine.--A solution of 0.0817 g (0.000503 moles) 2,4diaminopteridine in 7 ml benzylamine was refluxed 9 hr
under a dry nitrogen atmosphere,

Evaporation in vacuo of

. the excess benzylamine and the addition of 3 ml abs ethanol
gave a bright yellow solid which was isolated by filtration
and dried 2 hr at 65°1 yield 0.0610 g.

The ir spectrum

showed this to be starting material (74.6% recovery).

Table

16~

Analyses, Melting Points, and Uv Data for the Amine Exchange
Products ·Of 2,4,7-Triamino-6-methylsulfonylpteridine
Exchanging
amine

Positions
exchanged

MP

c

Elemental Analyses
H

N

s

calcd
found

calcd
found

ca led
found

calcd
found

Uv max in 4.5 or 45%
Formic Acid
nm (log e:)

Cone

benzylamine

2,4,7

280281°

63.98
63.78

5.18
5.40

18.65
18.83

6.09
5.96

278 (4.30)
374 (4.22)

4.5%

4-methylbenzylamine

2,4,7

279. 281°

65.48
65.48

5.86
5.76

17.27
17.33

5.65
5.88

279 (4.46~
373 (4.37

45%

2,4-dimethylbenzylamine

2,4,7

174. 5176°

66.97

6.45

16. 08a
17.94

5.26

272 (4.28)
371 (4.19)

45%

4-chlorobenzylamine

2,4,7

256258°

53.47
53.35

3.85
3.92

15.59
15.49

5.10
4.93

279 (4.49)
373 (4.40)

45%

2,4-dich;l.orobenzylamine

2,4,7

223225°

45.92
45.42

2.89
3.04

13.39
13.26

4.38
4.54

277 (4.50)
370 (4.37)

45%

phenethylamine

2,4,7

284.5286°

65.59
65.60

5~86

5.87

17.27
17.22

5.65
5.50

280 (4.46~
374 (4.35

45%

56.00
55.81

4.21
4.43

24.07
23.89

7.45
7.24

284 (4.18)
383 (4. 00)

4.5%

2,4·

aniline
8

product.

>300°

Recrystallizations gave poorer analyses, the data given is on the crude

!--'

0

0\
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The Preparation of Pteridine 5-0xides and
intermediates fQ!: Their Preparation
Preparation of 2,4,7-triamino-6-(2-chloroQhenyl)
pteridine 5-oxides.--A solution of 1.191 g (0.0050 moles)
2-amino-4,diacetamido-5-nitrosopyrimiqine and 4,009 g
(0.0100 moles) 1-[(2-chlorophenyl)cyanomethyl]pyridinium
tosylate (prepared by Neil Mumford) in 100 ml abs e
was prepared,

To this was added a solution of 0.9814 g

(0.0100 moles) potassium acetate in 25 ml abs ethanol.
The color changed immediately from blue to a red-orange.
The reaction was refluxed 10 min.

After cooling, a portion

of the acylated intermediate pteridine was isolated by
filtration, yield 0.3851 g.

Evaporation of the filtrate

gave another 0.8989 g, total yield 81.6%.

The 0.3851 g

portion was stirred 1 hr with 15 ml cone ammonium hydroxide,
then the pH of the solution was adjusted 7 with cone acetic
acid,

After cooling a yellow solid was isolated by filtra-

tion and dried, yield 0.2868 g (85.0% for hydrolysis, 78.1%
overall.

A sample was recrystallized from dimethylformamide

and water with Norite treatment.

Paper chromatography Rf

values, system, (A) 0,73, (B) 0,73, (C) 0.72; ir (No. 12,
p 171); uv max in 4 •.5% formic acid, 260(s) nm (log e 4.41),
296 nm (loge 3.81), 362 (loge 4.35).
Anal. Calcd for C1zH1 oN 7oc1; C, 47.46; H, 3.32;
N,32.28. Founds C, 47.32; H, 3.53; N, 32.21.

108
Preparation of 2,4,7-triamino-6-(2,4-dichloroQ.henyl)pte!idine 5-oxide.--A solution of 1.190 g (0.00500
moles) 2-amino-4,6-diacetamido-5-nitrosopyrimidine and
4.353 g (0.0100 moles) of l-[(2,4-dichlorophenyl)cyanomethyl]pyridinium tosylate (prepared by Neil Mumford) in
100 ml abs ethanol was prepared.

While warming this a

solution of 0,9814 g (0.0100 moles) potassium acetate in
15 ml abs ethanol was added to it. This addition caused

an immediate color change from blue to red-orange.

The

reaction mixture was refluxed 15 min the cooled in ice 30
min and 15 ml of water added.

A yellow solid was isolated

by filtration; yield 0.3134 g.

The filtrate was exaporat-

ed l!1 vacuo and the residue slurried in 70 ml water and the
yellow solid present isolated by filtration and dried;
yield 1,633 g (102% as the acylated intermediate).

The

1.633 g sample was stirred 24 hr with 25 ml cone ammonium
hydroxide.

Filtration and drying gave 1.203 g (83.0%

yield) on hydrolysis.

overall yield 84.7%.

A sample was

recrystallized twice from dimethylformamide and water with
Norite treatment.

Paper chromatography Rf values, system

(A) 0.62, (B) 0.69; ir (No. 13, p 172); uv max in 4.5% formic
acid, 263(s) nm (log

e

4.43), 294 nm (log

e 3.81), 363 nm

(loge 4.36).
Anal.
N, 29, 00.

Calcd for

c12tt9N7oc1 2 1

C, 42.62; H, 2.681

Found a C, 42, 40; H,. 2, 88; N, 29. 04.

The reaction was repeated without isolating the
intermediate acylated pteridine.

The initial reaction
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mixture was evaporated to dryness and the residue hydrollzyed by heating to reflux with cone ammonium hydroxide;
heating was discontinued while the reaction stirred an
additional 20 hr.
and drying.

The product was isolated by filtration

Yield 90,5%.

Attempted preparation of 1.t.ii.7-triamino-6-(2,6dichlorophenyl)pteridine 5-oxide.--A solution of 0.1191 g
(0,000500 moles) 2-amino-4,6-diacetamido-5-nitrosopyrimidine
and l-[(2,6-dichlorophenyl)cyanomethyl]pyridinium tosylate in
15 ml abs ethanol was prepared,

To this a solution of 0.0999

g (0,00102)molespotassium acetate in 5 ml abs ethanol was
added.

The color changed immediately from blue-green to red-

brown; refluxing 15 min caused no additional color change.
The reaction mixture

~howed

no fluorescence.

The reaction

mixture was filtered and the blue solid isolated was evaporated in vacuo to give an orange residue, which was slurried
in 20 ml of water and isolated by filtration.

The blue solid

was identified as the starting pyrimidine by the ir spectrum.
The orange solid was identified as pyridinium(2,6-dichlorophenyl)cyanomethylid (purification follows immediately).
The reaction was repeated just as described above,
except dimethylformamide was the solvent.

Blue-violet

fluorescence was observed in the reaction mixture, but no
pteridine was isolated.
A third attempt was carried out by refluxing one
equivalent of 2-amino-4,6-diacetamido-5-nitrosopyrimidine
and one equivalent of the ylid in dimethylformamide for
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24 hr.

No observable reaction occurred.
Purification and characterization of pyridinium-

(2, 6-dichlorophenyl)cyanomethylid. --Thc orange solid isolated from the above preparation was recrystallized from abs
ethanol with Norite treatment, mp 199.5-200.5°; ir (No. 14,
p 172).

Calcd for c 13tt8N2c1 2 1 C, 59.34; H, 3.07; N,
Founds c, 59.18; H, 2.92; N, 10.68,
Anal.

10.65.

Attemped preparation of 2,4,7-triaminopteridine
5-oxide.--A solution of 1.546 g (0.0100 moles) 1-(cyanomethyl)pyridinium chloride, 1.191 g (0,00500 moles) 2-amino4,6-diacetamido-5-nitrosopyrimidine, and 0,6403 g (0,0100
moles) sodium methoxide in 250 ml dimethylf ormamide was
refluxed 5 min.

The color changed from blue to red-brown.

The reaction mixture was evaporated in vacuo to give a dark
residue that was stirred in 200 ml cone hydrochloric acid
overnight.

The reaction mixture was neutralized with cone

ammonium hydroxide causing the precipitation of a voluminous solid.

This was isolated by filtration; washing with

water almost totally dissolved the solid leaving a brown
residue; yield 0.262 g,

The ir spectrum indicated the

product was an impure mixture not showing· clearing a band
in the ir spectrum indicating an N-oxide function.
fluorescence was observed,

Blue

A similar reaction in abs

ethanol° with potassium acetate as the base also gave an
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impure

mixtur~;

however, again the product did show blue

fluorescence,
Pre,,Earation of

~6-triamino-5-nitropyrimidine

{215).--To 63.5 ml concsulfuricacid 12.51 g (0.100 moles)
2,4,6-triaminopyrimidine was slowly added while keeping
the reaction below 35°.

To this solution 21.2 ml fuming

nitric acid (90%) was added at such a rate that the temperature of the reaction mixture was maintained between 25350,

The resulting solution was poured in 1 liter of an

ice-water slurry.

A white precipitate fonned.

Cone ammoni-

um hydroxide was added until the pH of the solution was 9.5.
The solid present was isolated by filtration, then slurried
in 200 ml water and 20 ml abs ethanol, then filtered and
dried; yield 13.78 g (81,2%),

The crude product was recry-

stallized from dimethylformamide, yield 10,22 g, mp > 350°,
ir (No. 15, p 172 ),
characterization.

The literature reference gave no

Therefore the product was analyzed as

follows1
Anal. Calcd for C4H6N60z:

c.

28,24; H, 3,55;N, 49,40.

Found: C, 28,03; H, 3,49; N, 49.66,
Preparation of 2,4,6-triacetamido-5-nitropyrimidine.
--In 20 ml acetic anhydride l.Ooo·g (0.00588 moles) 2,4,6triacetamido-5-nitropyrimidine was slurried and the mixture
refluxed 1 hr.

After cooling over the weekend the reaction

mixture was filled with solid which was isolated by filtration, washed with water and

th~n

with abs ethanol, yield
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1.078 g (61,8%).

A portion was recrystallized twice from

acetic acid to give a pale yellow solid, mp 227-229°,
ir (No. 16, p 172 ).
28,37.

Anal. Calcd for C10H 12N6o5 : C, 40.54; H, 4,08; N,
Foundt C, 40,37; H, 3,96; N, 28.67.
This reaction was repeated by scaling the reaction

up 3 times; yield 60.8%,
Preparation

.2f

2,4,7-triamino-6-phenylpteridine 5-

oxide (177),--To a mixture of 0.1481 g (0.000500 moles)
2,4,6-triacetamido-5-nitropyrimidine and 0.0820 g ( 0.00100
moles) sodium acetate, 10 ml of dimethylfonnamide containing
0.1171 g (0,00100 moles) phenylacetonitrile was added.
reaction mixture was refluxed one-half hour.
mixture showed weak violet fluorescence.
evaporated

The

The reacticn

Tile solvent was

.!.!! vacuo and water added to the residue.

The

solid present was isolated by filtration and washed with
ethanol.

Treatment of the solid by stirring with cine hydro-

chloric acid one-half hour gave a product identical to 2,4,
6-triamino-5-nitropyrimidine.
Tile reaction was attempted again in 2-ethoxyethanol,
using the salt of the alcohol as the base.

This gave upon

refluxing 2 hr a blue-green fluorescent reaction mixture,
again however, the ir spectrum of the product was almost
identical to' the starting material.
Four more reactions were carried out with the same
reagents; dimethylfonnamide and dimethylsulfoxide solutions

113

with sodium methoxide as the base.
varied between 16 and 22 hr.

The reaction times were

Ille desired product was not

isolated in any of these cases.

But, again, fluorescence

was observed.
Following the literature procedure, 0.1191 g
(0.000500 moles) 2-amino-4,6-diacetamido-5-nitrosopyrimidine was slurried in 1.2 ml dimethylsulfoxide.

To this,

in rapid succession, the following three reagents were added1
(1) 4.0 ml boiling acetone, (2) 0.1980 g (0.000724 moles)
a-cyanobenzylbenzenesulfonate in 0.2 ml pyridine and 0.5 ml
acetone, (3) 0.0488 g (0.000993 moles) sodium cyanide in
0.5 ml water.· The solution became intensely red immediately.
The reaction was brought to reflux, then allowed to stand
The mixture was evaporated .!!:!

in an ice bath over night.

vacuo to one-half of its original volume and cooled in ice
causing a solid to separate.

The solid present was isolated

by filtration and washed with ethanol, yield 0.0712 g
(45.8%), [lit (177) yield 44.7%].

This solid was hydro-

lyzed by stirring in 5 ml cone ammonium hydroxide one-half
hour at toom temperature.

Upon filtration and drying the

yield was 0.0551 g (40.9%) of a yellow solid.

Ir spectrum1

3480(m), 3330(m), 3180(m), 1660(m), 1645(m), 1598(s),
1570-154S(s), 1460(s), 1440(m), 1420(w), 1350(m), 1325(w),
1310(w), 1170(w), 1090(w), 845(w), SOO(m), 755(w), 700(m)
cm- 1 •
The attempted preparations which failed to give the
product in isolatable amounts all showed fluoresent spots
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corresponding to the product on paper chromatography.
System (A) 0,61, (B) 0.58, (E) 0.74.
Preparation SJf.. phenylacetic anhydride (216),-A solutin of 13.62 g (0.100 moles) phenylacetic acid and
4,027 g (0,101 moles) sodium hydroxide in 30 ml water was
· evaporated in vacuo. 'Ille solid resiude was dried in a
vacuum desicator for 6 hr at 0,05 torr.

'Ille 15,10 g of

product was slurried in 55 ml benzene and 14,61 g (0.0945
moles) phenylacetyl chloride in 5 ml of benzene added
dropwise.

'Ille exothermic reaction mixture was stirred 3 hr

becoming paste-like.

Thesaltwas isolated by filtration,

and the filtrate was evaporated in vacuo,
ground in 50 ml abs ether, mp 69-71°.

The residue was

A second crop of

crystal 5,00 g, mp 64,5-67° was obtained from the ether
filtrate, [lit .(216), mp 71-72°] (216).
Preparation .Qf 2,4,6-tris(phenylacetamide)-5-nitropyrimidine.--A mixture of 0.170 g (0.00100 moles) 2,4,6triamino-5-nitropyrimidine and 9.50 g (0.381 moles) phenylacetic anhydride was heated in an oil bath at 155° and
stirred 20 min, then an additional 40 min while the bath
cooled to 125°.

The reaction mixture solidified upon stand-

ing at room temperature and was triturated with 100 ml ether,
and the resulting suspension was filtered and dried at 65°
for 17 hr, yield 0.403 g (76.8%).

A sample was recrystalliz-

ed from dimethylformamide and water with Norite treatment,
mp 18 3 -184 °; ir (No. 17, p 17 3 ) •
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Anal. Calcd for C23H24N605: C, 64.11; H, 4.61;
N,16.02.

Found C, 63.52; H, 4.69; N, 16.47.
The preparation of this compound was attempted by

refluxing 3 equivalents each of phenylacetyi chloride and
pyridine with 1 equivalent of the aminonitropyrimidine in
dioxane for 2 hr.

The runr spectrum of the product which

was isolated indicated the acylation was incomplete•

A

reaction in neat phenylacetyl chloride also gave incomplete
acylation.
Preparation of 2-amino-4-phenylacetamido-6-phenyl7-(8H)pteridinone 5-oxide.--A mixture of 5.24 g (0.0100
moles) 2,4,6-tris(phenylacetamido)-5-nitropyrimidine and
2.46 g (0.0300 moles) sodium acetate were combined and
refluxed 30 min in 400 ml technical grade dimethylf ormamide.

lhe solvent was evaported in vacuo to give a yellow

residue which was suspended in a mixture of 50 ml water and
SO ml ethanol.
yellow solid,

Filtration and drying gave 2o35 g of a
A sample was recrystallized twice from di-

methylformamide and water to give the monohydrate.

Paper

chromatography Rf values, system, (A) O. 35 , (B) O.. 81,
(C) O. 78 ; ir (No. 18, p 173 ); uv in

45% formic acid

307(s) nm (log € 4.05), 356 nm (log € 4.24).
20.68.

Anal. Calcd for c 20 H13N604 : C, 59.11; H, 4.46; N,
Founds C, 59.39; H, 4.22; N, 21.16.
Attempted

~ration

.Qf 2,4-diamino-6-Ehenyl-7(8H)

pterj.,!iinone 5-oxide.--A solution of 0.135 g (0.000333 moles)
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2-amino-4-acetamido-6-phenyl-7-(8H)pteridinone 5-oxide in
10 ml cone atr.!llonium hydroxide was refluxed 15 min.

The

ir spectrum indicated hydrolysis was incomplete.
A mixture of 0.157 g (0.000300 moles) 2,4,7-tris
(phenylacetamido)-5-nitropyrimidine
and 10 ml pyridine and
.
.
0.817 g (20%) (0.0029 moles) potassium hydroxide was refluxed 1 hr.

Neutralization with dil hydrochloric acid

caused the formation of a solid, which was identified as
the deacylated pyrimidine.

A similar reaction with 10%

sodium hydroxide in dimethylf ormamide also gave the deacylated pyrimidine.
Preparation .Q.f o-methylphenylacetic anhydride.-A mixture of 15.1 g (0.107 moles) Q-methylphenylacetic
acid and 4.00 g (0.100 moles) sodium hydroxide were dissolved in 25 ml water, and the water then evaporated in
vacuo..

The residue was vacuum dried for 14 hr at 0.05 torr.
Another 14.47 g (0.0964 moles) portion of

~-methyl

phenylacetic acid was combined with 15.40 g (0.129 moles)
thionylchloride and stirred at 55-70° for 1\ hr.

The acid

chloride was distilled and the fraction boiling at 1331350/ 39 torr. was collected [lit. (217) bPg 98-99°]s yield
13.15 g (80.9%)°.

In 50 ml of benzene 13.43 g (0.0780

moles) of the sodium salt was slurried and a solution of
13.15 g (0.0780 moles) of the acid chloride in 20 ml benzene was added dropwise, and the reaction mixture stirred
3 hr.

The sodium chloride was filtered off and the filtrate
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evaporated in vacuo to a constant volume.

Upon standing

at room temperature, the product solidified, and was then
distilled at 125-130. 0 / 39 torr.

Ira 3010(m), 2950(m),

181S(s), I7SO(s), 1710(m), 1610(w), 149S(m), 1460(m), 1410
(m), 1380(w), 1340(m), 1290(w), 1230(m), 1200(m), 1140(w),
lllO(m), 1040(s), 960(m), 910(m), 760(s) cm- 1 •
Pr~aration

of

.£i..~6-tris(2-methYlphenylacetamido}-

5-nitropYrimidine. --A mixture of 10.0 g (0.0354 moles) .Qmethylphenylacetic anhydride and 0.510 g (0.00300 moles) was
.heated

l~

hr at 120-130°, then allowed to solidify at room

temperature.

lbis was then triturated with 50 ml benzene,

and an off-white solid was isolated by filtration.

Yield

0,400 g (23.6%)s ir1 32SO(m), 3180(m), 1720(m), 166S(s),
1600(s), 1580(s), lSSO(s), 1480(s), 1440(m), 1400(m),
1340(m), 1310(s), 123S(m), 1190(s), 1170(s), llSO(m),
1130(w), llOO(w), lOSO(w), 980(w), 870(m), 860(m), 795(w),
785(m), 74S(s) cm·1 •
Attempted

~aration

of

2,4-diamino-6-(2-meth~

phenyl)-7(8H)pteridinone 5-oxide.--Amixture.of 0.340 g.
(0.000600 moles) 2,4,6-tris(2-methylphenylacetamido)-5nitropyrimidine and 0.148 g (0.00180 moles) sodium acetate
in lo ml dimethylf ormamide was refluxed 30 min.

lbe react-

ion mixture became bright yellow and showed pale green
fluorescence.

Ihe solvent was evaporated in vacuo and the

residue stirred 2 hr in 10 ml cone ammonium hydroxide.

Fil-

tration and drying gave 0.126 g of an off-white solid.

lbe
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ir spectrum indicated this was mainly deacylated aminonitropyrimidine.
Attempted preparation of

~6-tris(4-nitro

phenyi_£etamido)-5-nitro~rimidine.--A

mixture of 0.510 g

(0.00300 moles) 2,4,6-triamino-5-nitropyrimidine and 10.11
g (0.0290 moles)

~-nitrophenylacetic

anhydride (prepared by

Herb Holland) was heated 1 hr at 160-165°.

During this

period the reaction mixture became very dark.

After solid-

ification 100 ml of ether was added to the solid and a tarlike mass formed from which the product was not isolated.
Preparation .Q.f 2,4,6-tris(4-chlorophenylacetamido)5-nitropyrimidine.--A mixture of 0.510 g (0.00300 moles)
2,4,6-triamino-5-nitropyrimidine and 6.41 g (0.0190 moles)
R-chlorophenylacetic anhydride (prepared by Cal McCausland)
was heated for

1~

hr at 130°e

After cooling over night the

mixture turned solid and was triturated with 100 ml benzene, .
and the solid present was isolated by filtratration; yield
o.520 8 (27.7%).
Ira, 3450(m), 3400(s), 3250(m), 3100(s), 1685(m),
1610(s), 1575(s), 1550(s), 1490(s), 1470(m), 1400(m), 1370
(m), 1290(s), 1220(w), 1175(s), llOS(w), 1090(w), 101S(w),
990(w), 965(w), 780(m), 755(w), 695(w) cm· 1 •
Attempted preparation of 2,4-diamino-6-(4-chlorophenyl)-7(8H) :e_teridinone 5-oxide. --A solution of 0.440 g
(0.000701 moles) 2,4,6-tris(4-chlorophenylacetamido)-5-
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nitropyrimidine and 0,173 g (0,00210 moles) sodium acetate
in 10 ml dimethylf ormamide was refluxed 30 min,

The solvent

was evaporated in vacuo, and the residue refluxed one-half
hr in 10 ml cone ammonium hydrox_ide.
isolated by filtration and dried,

The solid present was

lhe ir spectrum indicated

this was mainly deacylated aminonitropyrimidine, although
the reaction mixture showed weak green fluorescence.
Miscellaneous Preparations
Preparation of 2,4-diamino-6-phenyl-7(8H)pteridinone (198).--A mixture of 8.51 g (0,0551 moles) phenylacetyl
chloride and 0,7707 g (0.000500 moles) 2,4,6-triamino-5nitrosopyrimidine was heated to 140° and stirred until no
more hydrogen chloride was evolved (approximately 14 min).
The color changed from pink to red-brown.

Upon cooling

in ice the mixture became thick; the addition of 20 ml abs
ether caused the formation of a brown precipate.

The solid

was isolated by filtration and appeared to polymerize,
Washing with ether converted the resin to a black powder.
Stirring this solid with 10 ml hot dil ammonia hydroxide
caused the solvent to become yellow with a tar present.

lhe

tar was filtered and the filtrate was neutralized with cone
acetic acid causing the formation of a yellow solid, yield
approximately 0.3 g (20%).

The reaction was repeated with

the same amounts of each reagent•

lhe conditions were the

same but the reaction ceased giving off hydrogen chloride
after 8 min.

Cooling and the addition of ether gave a light
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.brown solid.
hydroxide.

This was stirred 2 hr with 10 ml dil ammonium
The addition of a few drops of cone acetic acid

caused the precipation of the product as a brown solid; yield

0.651

g

(51.2%) (198).
The reaction was attempted by two routes not reported

in the literature.

A mixture of 0.8338 g (0.00508 moles)

ethyl phenylacetate and 0.7708 g (0.000500 moles) 2,4,6-triamino-5-nitrosopyrimidine was dissolved in 8 ml dimethylformamide, and a solution of 0.00502 moles freshly prepared
sodium methoxide in 15 ml dimethylformamide was added.
Heating the solution caused it to become blue.
was refluxed

l~hr,

The reaction

still with no color change to yellow;

therefore, and additional 0.005 moles ethyl phenylacetate
and 0.2710 g sodium methoxide (commericial) were added, and
refluxing continued

2~

hr.

The only isolated solid upon

cooling was the started pyrimidine.

The reaction was repeat-

ed using 2,4,6-triacetamido-5-nitrosopyrimidine under similar
conditions.

The dimethylformamide was evaporated .!!! vacuo

after 2 hr of refluxing, leaving a red residue.
stirred until dissolved in 15 ml formic acid.

This was
The addition

of 15 ml cone hydro.chloric acid caused the formation of a
yellow solid.

The mixture was neutralized with cone ammon-

ium hydroxide and the yellow-brown solid was isolated by
filtrationa yield 1.097 g (86.2 %).

Scaling the reaction

up 10 time gave the product in a 56.7% yield.
The preparation was also attempted using the triacylated aminonitrosopyrimidine and ethyl phenylacetate in
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Refluxing 2 hr gave only

abs et!hanol with potassium acetate.
the &tarting pyrimidine.

Preparation of 2,4-diamino-6-phenyl-7-methylpteridine
(205).--A mixture of 0.6852 g (0.00507 moles) phenylacetone
and 0.7708 g (0.00500 moles) 2,4,6-triamino-5-nitrosopyrimidine was combined with 20 ml dimethylformamide and a solution of 0.0118 moles freshly prepared sodium methoxide in
dimethylformamide was added to this.
fluxed with stirring for

2~

hr.

The reacton was re-

Upon cooling and filtration

the starting pyrimidine was recovered.

This procedure was

not the literature preparation (205).
A mixture of 1.360 (0.0102 moles) phenylacetone and
1.321 g (0.00500 moles) 2,4,5-triacetamido-5-nitrosopyrimidine was combined in 27 ml abs ethanol.

A solution of

0.9814 g (0.0100 moles) potassium acetate in 13 ml abs
ethanol was added to the above mixture, and refluxed

l~

hrG

The hot solution was filtered and the filtrate was evaporated
in vacuo to give a brown residue.
in 18 ml O.lN sodium hydroxide.
from brown to orange.

This was stirred for 3 hr
This caused a color change

Neutralization with acetic acid and

cooling gave an orange-brown solid which was isolated by
filtration.

Drying gave a 0.7926 g (62.8%) yield [lit. (205)

yield 64%] (205).

The reaction was repeated giving a 77.4%

yield.
Preparation of 2,4-diamino-6-phenyl-7-chloropteridine (205).--A solution of 1.80 g (0.00862 moles) phosphorus

pentachloride in 8 ml (0.120 moles) phosphorus.
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oxychloride was prepared.

Slowly 1.093 g (0.00348 moles)

2 ,4-diamino-6-phenyl- 7 (SH) pteridinone was added to the
solution, and the mixture was then refluxed with stirring
for 3 hr.

lhe excess phosphorus

oxychloride was evaporated

and the residue slurried in 100 ml of ice water, then isolated by filtration.

The ir spectrum indicated this product

was an impure mixture (205).
Attempted preparation of 2,4,7-triamino-6-chloropteridine.--A mixture contanining 21211 equivalents of
chloroacetonitrile, potassium acetate and 2-amino-4,6-diacetamido-5-nitrosopyrimidine in abs ethanol was refluxed
1 hr,

Only the starting pyrimidine was recovered, and the

reaction showed no fluorescence.

A similar reaction with the

reactants refluxing 45 min in dirnethylf ormamide gave no
fluroescence and recovered only the starting pyrimidine.

A

third reaction carried out with a 21211 mixture of chloroacetonitrile, sodium methoxide and 2-amino-4,6-diacetamido5-nitrosopyrimidine in refluxing dimethylsulfoxide gave bluegreen fluorescence, but no pteridine was isolated.

lhe only

product was a brown-black unidentified solid.
Attempted preparation of 2,4-diamino-7-phenylpteridine.--A solution of 0.2307 g (0.000502 moles) phenacyltriphenylphosphonium chloride, 0.0586 g (0.000239 moles)
2-amino-4,6-diacetamido-5-nitrosopyrimidine, and 0.0410 g
(0.000500 moles) sodium acetate in 25 ml dimethylformamide
was refluxed 24 hr.

The solvent was removed .!!! vacuo.

The
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residue showed intense blue-green fluorescence.

The addi-

tion of 30 ml cone ammoniun hydroxide caused the formation
of a yellow solid; yield 0.1070 g.

The ir spectrum indicated

this to be the ylid formed from the phenacyltriphenylphosphonium chloride (44.3%).
Attempted preparation of 2,7-diphenyl-4-aminopteridine.--A solution of 0.4316 g (0.00100 moles) phenacyltriphenylphosphonium bromide, 0.1336 g (0.000500 moles)
2-phenyl-4,6-diacetamido-5-nitrosopyrimidine and 0.0820 g
(0.00100 moles) sodium acetate in 25 ml dimethylformamide was
refluxed 3 hr.

The solvent was removed in vacuo and 25 ml

cone hydrochloric acid was added to the residue, and the
solution refluxed 16 hr, the pH was adjusted then to 7 with
cone ammonium hydroxide.

A yellow solid which was present

was isolated by filtration.

Washing with ethanol dissolved

part of the solid leaving a brown residue.
< 70°.

This melted

The filtrate showed blue fluorescence.
A second attempt used equilmolar amounts of bromo-

( triphenylphosphoranyl idene )acetoni trile and 2-phenyl-4,6diacetamido-5-nitrosopyrimidine in tetrahydrofuran.

Reflux-

ing 2 hr gave no color change or fluorescence.
In a third attempt, a solution of bromodiethylphosphonateacetonitrile was treated

with an equilvalent of

sodium hydride and the resulting solution was added to an
equivalent of 2-phenyl-4,6-diacetamido-5-nitrosopyrimidine.
Refluxing with stirring gave no color change.
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Preparation of 2,4-diaminopteridine.--A solution
of 0.2382 g (0.00100 moles) 2,4,5,6-tetraaminopyrimidine
sulfate in a mixture of 3 ml 10% sodium hydroxide and 17 ml
water was added to 0.2019 g (0.00104 moles) glyoxal.

The

mixture was warmed gently and within one min filled with
a yellow solid.

After cooling in ice, the solid was isolated

by filtration and dried at 65°, yield 0.1263 g (77.8%).
Ira 3490(m), 3350(s), 3140(s), 1675(s), 1630(s),
154S(s), 1520(m), 148S(s), 1455(s), 1400(w), 1370(s), 1240
(w), 1210(m), lllO(m), 1060(m), 930(w), 830(m), 790(w),
770(w).
A second method was attempted by combining 0.3043 g
(O.OOlOO_moles) formylmethylene triphenylphosporane, and
0.1401 g (0.000500 moles) 2,4,6-triamcetamido-5-nitrosopyrimidine in 30 ml· tetrahydrofuran.

This mixture was seal-

ed in a tube and heated to 150° for 15 min in a tube furnace.
The original green solution turned blace with a finely
divided solid present.
filtration and dried,
complex mixture.

Til.e dark solid was isolated by
The ir spectrum indicated it to be a

The solid showed blue-green fluorescence.

The reaction was repeated with the identical amounts of each
reactant in 30 ml tetrahydrofuran by refluxing 3 hr.

No

fluorescence could be observed and the desired product was
not isolated,·
Preparation of 2-phenyl-4,7-diaminopteridine (199),-At 0°, 0,1958 g (0.00110 moles) diethyl phosphonate
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acetonitrile and 0.0502 g (0.00110 moles) 52,7% sodium
hydride in mineral oil were dissolved in 20 ml dry tetrahydrofuran.

To this a slurry of 0.2673 g (0.00100 moles)

2-phenyl-4,6-diacetamido-5-nitrosopyrimidine in tetrahydrofuran was added.

The reaction mixture was slowly allowed

to warm to room temperature with stirring.

After standing

one week a yellow orange solid was isolated by filtration
yielding 0.0414 g

(30~0%).

streching band was present.

The ir spectrum showed a nitrile
The reaction was repeated by

combining the reactants at room temperature and stirring
2 hr, yield upon work up in the same manner was 61.8% (199).
Attempted preparation of 2 1 4-diamino-6-bromo-7(8H)pteridinone.--A 0.456 g (0.0100 moles) portion of a 52.7%
dispersion of sodium hydride in mineral oil was slurried in
10 ml dried tetrahydrofuran.

Then dropwise 2.242 g (0.0110

moles)triethylphosphonoacetate was added while keeping the
solution in ice.

Then with stirring 1.597 g (0.0100 moles)

bromine was added dropwise; the bromine decolorized rapidly
at first, but the addition of the last third of the bromine
caused the persistence of color.

Another 0.0100 mole por-

tion of the sodium hydride suspension was added changing the
color immediately to a pastel green.

Stirring 15 min at room

temperature gave no additional color change.

The reaction

was then refluxed 10 min and cooled in ice one-half hr.
Filtration gave a product which was totally soluble in
water.

The reaction mixture did show blue fluorescence, but

12G
no pteridine was isolated,
Preparation of 2,4-diamino-7(8H)pteridincne (199,
203).--A stock solution was prepared by slurrying 0.456 g
(0.0100 moles) of a 52,7% dispersion of sodium hydride in
mineral oil in 8 ml dried tetrahydrofuran and adding 2.248 g
(0,0100 triethylphosphonoacetate.

After the evolution of

hydrogen had ceased the solution was transferred to a 10 ml
graduate and the volume adjusted up to 10 ml by the addition
of dry tetrahydrofuran,

Ulen 1 ml of this stock solution

was added to 0.1253 g (0.000526 moles) 2-amino-4,6-diacetamido-5-nitrosopyrimidine causing the solution to become
yellow-green immediately•

After one-half hr of stirring no

additional color change had occurred; however, the mixture
showed yellow-green fluorescence.

Tile addition of 10 ml

dimethylformamide and an additional one-half hr stirring
caused very little color change,

Tile solvent was evaporated

in vacuo, and water added to the residue.
was isolated by filtration and dried.
of a grey solid.

Tile solid present

Tile yield was 0.0164 g

The ir spectrum indicated this to be a

mixture of products.

Tilis general procedure was repeated

with 2,4,6-triacetamido-5-nitrosopyrimidine, and with 2phenyl-4,6-diacetamido-5-nitrosopyrimidine, neither giving a
clean product.
The reactions were repeated with the diacylated and
triacylated aminonitrosopyrimidines at 70° for 30 min; again
no clean product was obtained {199,203),
references gave no experimental procedure.

The literature
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Preparatio~

of 4-amino-7-phenyl-9-acetamido-

tetrazo1or1,5-f]pteridine.--The preparation of this compound
was attemped seven times.

The first attempts were carried

out by combining 0.001 moles 1-(cyanomethyl)pyridinium
chloride, 0.0005 moles 2-phenyl-4,6-diacetamido-5-nitrosopyrimidine, and 0.0015 moles sodium azide in 25 ml abs ethanol.

The reaction mixtures were heated slowly to reflux,

causing solids to form initially which then dissolved as the
reactions began to reflux.

Refluxing was continued 5 min.

After cooling, filtering and drying, a dark brown solid was
obtained. The ir spectrum showed a nitrile band at 2130
cm- 1 • The reaction was repeated several times with similar
amounts of each reagent except the mixtures were heated
very gently and when the initial solids previously mentioned
formed, the mixtures were immediately cooled in ice, and the
products, light brown solid, were isolated by filtration.
Repeated recystallizations from dimethylf ormamide did not
give products showing one spot on thin layer chromatography.
Uv max in 10% perchloric acid; 228 nm (log e 4.16); 246 nm
(log e 4.17); 273 nm (log e 4.07); and 367 nm (log e 3.35).
Additional reactions were carried out at room temperature, stirring the reactants until the products were
solid.

The products of these reactions were identical to the

products isolated in the second reaction described above.
personal communication from Prof. M. Tisler indicated the
desired product had been isolated (193).

A
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Preparation of methyl p-(methylainino)benzoate (206).
--A solution of 15.1 g (0.100 moles) .Q-(methylamino)benzoic
acid i.n 500 ml abs methanol was prepared; this was saturated
with dry llydror;en chloride gas.

The reaction mixture was

refluxed 7 hr while continuously bubblinG hydrogen chloride
into the mixture.

After standing over night the solvent was

evaporated iri vacuo leaving a white residue which was dissolved in 100 ml distilled water giving a resulting solution
of pH 1.

The pH was adjusted to 8 by the addition of sodium

carbonate causing the precipitation of a solid which was
isolated by filtration, yielding 15.8 g (95.7%) mp 92.5-

93.50 [lit. (206) mp 95.5°] (206).
Preparation Qf. fluorescent products

~

self-conden-

sations of aminonitrosopyrimidines.--Refluxing 2-amino-4,6diacetamido-5-nitrosopyrimidine in dimethylformamide 18 hr
gave a color change from blue to green, but the reaction
mixture showed no fluorescence.

Refluxing the same pyrimi-

dine in dimethylsulf oxide in the presence of 1 equivalent
of sodium methoxide one-half hr gave a red-brown solution
showing blue fluroescence.

A similar reaction with 2,4,6-

triamino-5-nitrosopyrimidine showed no color change but had
weak green fluorescence.

Refluxing 2,4,6-triacetamido-5-

nitrosopyrimidine in dimethylsulfoxide with 1 equivalent of
sodium methoxide gave a color change immediately to a redbrown.

The reaction mixture showed blue-violet fluores-

cence.

No attempt was made to isolate any product.

IV.
~

DISCUSSION

Attempted Synthsis .Qf 6-Anilino- and
6-Benzylaminopteridines

Initially the work reported in this dissertation
was undertaken to find a synthetic route to 6-anilinoand 6-benzylamino-2,4,7-triaminopteridines.

These com-

pounds, it was thought, could be of possible chemotherapeutic interest, because of the structual similarity to
the potentantimalarial 2,4-diamino-6-benzylaminoquinazolines {LXIV) prepared by Elslager and Davoll (16-29).

lXIV

Parish and Broadbent have published an unique
route to 6-thio-2,4,7-triaminopteridines via acylated
aminonitrosopyrimidines (217). -The proposed mechanistic
route for their synthesis is summarized in Figure 3.
This mechanistic sequence appeared to provide a
route to 6-anilino and 6-benzylaminopteridines through
the nitrone intermediate I.XIX.
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If benzylamine, for
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Fig. 3.--Parish's mechanism for the preparation of
6-thiopteridines (77).
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example, were the nucleophile instead of the indicated
thiol (LXXI), intermediate

I.XIX,

could by a mechanism

similar to Parish's, gave the desired 2,4,7-triamino-6benzylaminopteridine (LXXV).

CH3
I
C=O
I

X¥)1

NH
\HI N=CI
f2JCH2N:~c. =N
I
I
H
H :Q:
••

N~. NH2

N
.
NHCCH3
II

0

LXIX

LXXV

The addition of nucleophiles to nitrones is well
known; although, little attention has been given to the ,
addition of nitrogen nucleophiles to nitrones (194-196).
Parish ,.s synthesis proceeded under very mild conditions,
5 min in refluxing abs ethanol (73).

The mild conditions

of his synthesis, and other literature on the addition
of nucleophiles to nitrones made this route extremely
promising (194-196).

In actuality Parish's synthesis has
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now been shown to have strong specificity to sulfur nucleophiles.

The work reported in this dissertation, and summar-

ized in part in Table 10 (p.77), and Table 13 (p.82) has
shown that nitrogen nucleophiles are unsuitable for this
synthesis.
The attempted syntheses with nitrogen nucleophiles
were carried out

by

refluxing aniline, 4-nitroaniline, 4-

bromoaniline, acetanilide, phenylisocyanate, or benzylamine
in a variety of solvents including, abs ethanol, dimethylformamide or dimethylsulfoxide, with 1-(cyanomethyl)pyridinium chloride, di- or triacylated 2,4,6-triamino-5-nitrosopyrimidine and a variety of bases.

In ethanol, potassium

acetate was usually the base, in dimethylformamide and
dimethylsulfoxide sodium methoxide or sodium acetate
were the bases.
Almost without exception these reaction mixtures
showed blue or violet fluorescence and gave several fluorescing spots on paper or thin layer chromatography.

This

indicated the presence of a chromophoric group other than
the starting pyrimidines, since these pyrimidines do not
fluoresce.

Pteridines, on the other hand almost without

exception fluoresce.

Although the desired pteridines were

never isolated; the fluorescence observed suggests that
pteridines may have been formed to a minor extent.

The

multiplicity of spots could arise from partial hydrolysis
of ·the 2-and or 4-acetamido moieties which would have been
present on the pteridine initially formed.

It should be
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noted that work reported herein indicates that refluxing
aminonitrosopyrimidines and base in dimethylformamide and
dimethylsulfoxide also does give a fluorescent mixture.
This might arise from pyrimidine coupling with loss of
water, to give compound LXXVI and its acylated derivatives
or analogs.

LXXVI
The attempted addition of hydrazine and phenol to
the intermediate nitrone (I.XIX) also gave fluorescent
spots; however, again no pteridines were isolated.

These

data, together with that which has already been discussed,
implies that in order for nucleophilic attack to occur
on nitrone intermediates similar to I.XIX, the range of
nucleophilicity and or polarizability is quite narrow,
and apparently excludes all but sulfur nucleophiles.
The use of solvents which generally enhance nucleophil ic attack had little effect on the reactions.

Sodium

methoxide in refluxing dimethylf ormamide or dimethylsulfoxide caused deacylation of the pyrimidine to occur within
a few minutes to give 2,4,6-triamino-5-nitrosopyrimidine
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(LXXVII).

This could be observed by color changes, the

acylated aminosopyrimidine being blue or green and the
deacylated material being pink.

The deacylated com-

pound has greater possibility for the back-polarization
of electrons, thereby delocalizing the positive character
of the nitrogen of the nitroso moiety and therefore, making it less susceptible to nucleophilic attack than the
acylated compounds.

A

See Figure 4.

B

c

Fig. 4.--Electron delocalization in 2,4,6-triaminonitrosopyrimidine
With the adaptation of the Parish synthesis to give
6-anilino- or 6-benzylaminopteridines no longer apparantly
feasible, Timmis type syntheses were attempted.

Timmis

had shown that certain activated methylenes could be added
to aminonitrosopyrimidines to give pteridines (197,198).
The following compounds LXXVIII and LXXIX were prepared and then following Timmis' approach were reacted with

acylated
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aminonitrosopyri~idines.

LXXVIII

LXXIXa, R=H
b, R=Ac

A summary of some of these reactions appears in Table 12
(p. 80).

These reactions were attempted by combining

the a-benzylaminoacetonitrile or a-anilinoacetonitrile
with either the di- or triacylated 2,4,6-triamino-5-nitrosopyrimidine and a variety of bases in either dimethylformamide or dimethylsulfoxide.

These reactions, under a

wide range of temperature and time variations, gave no
isolated pteridine; however, again as with the previously
discussed route, the reaction mixture showed fluorescence.
The N-acyl-a-anilinoacetonitrile was prepared and used
because of the increased acidity afforded to the a-hydrogens by acylation of the adjacent nitrogen atom.
The third route explored involved the synthesis of
2,7-diamino-4-acetamido-6-bromopteridine (LXXXI) and its
in.§.!!!:! reaction with aniline to give hopefully 2,7-diamino-4-acetamido-6-anilinopteridine (LXXXI).

The prepara-

tion of LXXXI was attempted by the reaction of bromo(triphenylphosphoranylidene)acetonitrile (LXXX) with acylated
aminonitrosopyrimidines, the postulated pathway of which
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follows a

LlOO{

LXXXII

lXXXI

Again the desired-pteridines were not isolated, but the
reaction· mixture showed fluorescence.
Since these reactions were carried out, E. C.
Taylor has indicated an unsuccessful attempt to react
triphenylphosphoranes with aminonitrosopyrimidines (199).
At the onset of the research reported in this dissertation it was thought the desired 6-anilino- and 6-benzylaminopteridine could be prepared by the direct nucleophilic
displacement of the 6-chloro moiety.

Numerous 6-chloro-

pteridines are reported in the literature, however, without
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exception the synthesis of these compounds are multi step
reactions proceeding in low yields.
although quite lengthy,

The chemistry involved,

is by well established procedures.

Since the purpose of this research was not only the synthesis
of the indicated 6-substituted pteridines, but also the
development of unique synthetic routes, these laborious
lenghty syntheses were not attempted.
During the past year a personal communication from
Dr. E. Elslager has pointed out that researchers at Parke,
Davis and Co. have prepared a series of 2,4-diamino-6benzylaminopteridines, via the nucleophilic displacement

of the 6-chloro moiety with benzylamines.

One of these

compounds 2,4-diamino-6-[(N-methyl) 4-chlorobenzylamino]
pteridine LXXXIII is curative to 4/10 mice infested with
P. berghei at 20 mg/Kg, and shows an increase in the mean
standard survival time of test animals to controls of 4.3
days a 10 mg/Kg (an increase in the MST of 5 days indicated
an active compound, an increase of 30 days is designated
curative) (200).

LXXXIII
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The Attack of Hard and Soft Nucleophiles
.Q!! 6-Methylthio-, 6-Methylsulfinyl-,

and 6-Methylsulfonylpteridines
Background and Preparation of Substrates
The concept of hard arid soft acid_s an.d bases is
a fairly recent theory which has been postulated to give
new depth to the traditional concept of Lewis acids. and
1-o(

Zi::>'l.

bases (QGO,:l.01).

The underlying principle of the· theory

can be summarized as followsa Hard bases are those in
which the ck>nor atom is highly electronegative, of low
polarizability, and are difficult to oxidize.

Soft bases

are those in which the donor atom is of low electroneg·
alivity, high polarizability, and easy to oxidize.

Hard

acids are those where the acceptor atom is small in size,
of high positive charge, and does not contain an unshared
pair of electrons in its valence shell, or properties
which lead to high electronegativity and low polarizability.

Soft acids, then are generally those molecules

where the acceptor atoms are of low positive charge, and
contains unshared electrons in their valence shells, or
in other words to properties which lead to high polariza201

bility and low electronegativity (260).

In any one speci-

fic acid or base not all of the above criteria
be meta rather, meeting all the criteria

need to

merely indicated

the possibility of a molecule behaving, for example, as a
very soft base as opposed to a weakly soft base.
Since the research to be discussed at this point
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deals with nucleophilic displacements on pteridines the
"hard" and "soft" theory will be applied to nucleophilies
and various sites of attack on pteridine substrates.

The

application of the "hard" and "soft" acid and base theory
can be stated as follows1 hard acids prefer to react with
hard bases, while soft acids prefer to react with soft
bases.
Again prompted by a desire to prepare 6-anilinoand 6-benzylaminopteridines, 2,4,7-triamino-6-methylsulfonylpteridine (LXXXIV) and 2,4,7-triamino-6-methylsulfinylpteridine (I.XXXV) were prepared.

It was thought that

either the methylsulfonyl or methylsulfinyl moieties of
these compounds would be subject to the nucleophilic displacement by benzylamine to give 2,4,7-triamino-6-benzylaminopteridine (LXXV),

This however, it will be shown,

was not observed.
The methylsulfonyl compound (LXXXIV) was prepared
by the base catalyzed condensation of methylsulfonylacetonitrile with 2-amino-4, 6-diacetamido-5-nitrosopyrimidine in abs ethanol.

0II C=:N
I
CH3-S-CH2 +
II

0

LlOCXIV

140

A similar type preparation of the methylsulfinylpteridine, LXXXV, even under the driving condition of
refluxing methylsulfinylacetonitrile with acylated aminonitrosopyrimidines in dimethylforrnamide would not give
the desired condensation.

Compound LXXXV was prepared;

however, by the direct oxidation 2,4,7-triamino-6-methylthiopteridine (LXXXVI) with m-chloroperoxybenzoic acid in
dimethylf ormamide by stirring 112 hr at room temperature.

.
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The preparation of 1XXXV with m-chloroperoxybenzoic
acid required exacting conditions.
pteridine

~-oxides

At elevated temperatures

would certainly have been fanned.

It

was observed that a 111 mixture of oxidant to pteridine
gave the best conversion to the desired product.

This 6-

sulfinylpterid ine represents a new class of pteridines.
The preparation of this compound (LXXXV) was also
attempted with sodium metaperiodate

a reagent reported

to selectively oxidize sulfides to sulfoxides (202).

In

order for any significant reaction to occur with this
reagent the starting pteridine IXXXVI and the salt had to
be refluxed for 10 hr in dimethylfonnamide.

This gave a

complex mixture which showed six fluorescent spots on thin
layer chromatrgraphy.

Several of the spots had green

fluorescence, the typical fluorescent color of pteridine
N-oxides.
The starting 2,4,7-triamino-6-methylthiopteridine
(LXXXVI) was prepared by a Parish-type synthesis using
methanethiol, 1-(cyanomethyl)pyridinium chloride, and the
diacylated aminonitrosopyrimidine.

This reaction was

carried out using the free thiol in a 70% yield; use of the
sodium salt of methanethiol gave a very impure product in
low yield.
Nucleophilic Attack on 2,4,7-Triamino-6Methylsulfonypteridi.ne
As stated previously the nucleophilic attack of
benxylamine on 2,4,7-triamino-6-methylsulfonylpteridine
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did not give displacement of the methylsulfonyl moiety.
The product which was obtained was the 2,4,7-trisbenzylamino-6-methylsulfonylpteridine (I.Xx.XVII).

H2N:t:_~'('~'('NH2
¢CH2NH

N~N
NH2

As discussed in the Literature Review amine exchanges
have been reported on pteridines (86,103-105), and in numerous other ,,....deficient nitrogen heterocycles.

In all of these

amine exchanges the amino moiety was in a ring with ring
nitrogens in a 1,3-relationship and the amino moiety was
adjacent to one or both of the ring nitrogens.

The amine

exchange reported in this dissertation in the 7 position on
the pteridine nucleus is the first amine exchange reported
to occur in a ,,.-deficient ring in which the ring nitrogens
were not in a 1,3-relationship.

Ihis reaction was generaliz-

ed with the appropriate substituted benzylamines to give the
following products1
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@--cH2NHYrN~N¥NHCH2-@

R·

~~o

CH3-S

Q

N

oN

NHCH2~R

LXXXVII a,
b,
c,
d,
e,

R

R=H
R=4-methyl .
R=2,4-dimethyl
R=4-chloro
R=2,4-dichloro

Ring systems with nitrogens in a 1,3-relationship
activate an amino moiety through both nitrogen atoms while
rings with a 1,4-relationship can have similar activation
through one nitrogen atom only.

lhis relationship is ill-

ustrated in Figure S.
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5.-•Activation of amino moieties in diazines
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The amine exchange observed is unique not only
because it occurs in a pyazine ring, a 1,4-diazine, but
also because the leaving group for the tris exchange the
leaving group for the tris exchange was

aii

NH 2 , which is

generally considered to be a poor leaving group.

Also

the methylsulfonyl moiety, which generally is considered
to be an extremely good leaving group was not displaced.
It can be shown that the methylsulfonyl moiety, being
conjugated with the

L

L~~-amino

moieties, activates each

towards nucleophilic displacement, see Figure 6.

I.XXXIV

...

!

Fig, 6--Activation towards nucleophilic displacement
of the methylsulfohyl moiety in 2,4,7-triamino-6-methylsulfonylpteridine
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It can be seen from Figures 5 and 6 that the 2,4
and 7 positions of the pteridine I..XXXIV ring are activated
towards displacement by the methylfulfonyl moiety and by
the 1, 4, and 8 ring nitrogens.

Tilese combined activating

influences are apparently very substantial.

Tile powerful

activating influence of the methylsulfonyl and methylsulfinyl moieties has been noted in pyridazine ring systems; both 3-chloro-6-methylsulfonylpyridazine (XCIV) and
3-choro-6-methylsulfinylpyridazine (XCV) have undergone
displacement of chlorine (127, 128).

Cl

Cl

SOCH3
XCIV

xcv

The displacement, although unique, is not nearly as unusual as the substitution reported herein.

The chloro

group is much more similar to the methylsulfonyl and
methylsulfinyl moieties in its reactivity towards nucleophilic displacement than is the NHz group.
The amine exchanges which were being observed
were occurring with the amines as the solvents.

In an

attempt to establish some basic information concerning
the generality of these amine exchanges, and the ease at
which these reactions might occur, the reaction was
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attempted in dimethylsulfoxide with 20 equivalents of
benzylamine to I-equivalent pteridine.

Refluxing

7~

hr

gave starting material as the only isolated product.
Suggesting that a many fold excess of the amine nucleophile greatly enhances the reaction.

In order for the amine

exchange to occur at an appreciable rate the pteridine must
be refluxed in the neat amine, thereby giving satisfactory results.
Other aliphatic amines do cause the observed exchange; however, for the rate of reaction to be of general
synthetic utility the amine nucleophile should be high
boiling(probably > 170°).

Phenethylamine readily caused

tris exchange, while maintaining the temperature near 175°
for 5 hr.

On the other hand the substrate and cyclohexyl-

amine at reflux for 5 hr gave no isolated exchanged product.

The boiling point of cyclohexylamine is 134g.

Many

of the substituted benzylamines, and phenethylamine have
boiling points above 175°, which was found to be the optimum temperature for carrying out the displacements.

At

temperatures much above 175° the reaction mixtures became
very dark and had a charred odor and were difficult to work
up.
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Displacement studies with aniline were most informative.

Refluxing LXXXIV in aniline 9 hr (bp 184°) gave

almost a quantitative recovery of the starting material.
Theoretically the addition of acid to these amine exchanges
can be shown to have the possibility of increasing the susceptibility of the NH 2 groups towards displacement.
is demonstrated in Figure 7.

'!his

In comparing the canonical structures XCIX and C
to the corresponding structures in an acid catalyzed reaction CII and CIII, it would be expected that the latter two
canonical structures would have a much greater contribution
to the actual electronic nature of the indicated azine than
would the former structures.

This can be justified on the

basis of separation of charge; structures XCIX and C both
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Fig. 7.--The activating influence acid has on azines
with a NH moiety ortho or para to a ring nitrogen
2
are excited canonical forms having a separation of charge
not present in the ground state form (XCVIII).

Structures

CII and CIII exhibit no charge separation and are of nearly equivalent stability to CI, and thereby will have a
significant influence on the electronic nature of the
molecule.

With activation by a catalytic amount of acid,

the amine exchange with aniline was attempted. again by refluxing the substrate pteridine 5\ hr in aniline with 1 drop
of hydrochloric acid present.

The product obtained was 2,4-

bisanilino-6-rnethylsulfonyl-7-aminopteridine (CV).
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H2N'!(N~N¥NH2
CH3S02

AOON
N

NH2
LlOCXIV

CN

CV

This bis displacement is very interesting and
furnishes some information that is helpful in theorizing
how these amine exchanges are proceeding.

It is thought

that in the free pteridine system the number N(3) is the
first site of protonation (202).

It is evident that the

more basic ring will still be the pyrimidine ring in 2,4,7triamino-6-methylsulfonylpteridine(LXXXIV).

Since there

is an amino moiety in both the/2
and 4 positions of the
./
pyrimidine ring the lnfluef they might exert in deter-

mining the most basic N will be similar on N(l) and on
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N(3).

Also the amino group in position 7 is conjugated

with both N(l) and with N(3), and thereby should exert
near similar resonance effects on both ring nitrogens.
These combined facts suggest that in LXXXIV the most
basis nitrogen will still be N(3).

Considering this to

be so, a possible mechanism for this acid catalyzed bis
amine exchange is shown in Figure 8.
The route proposed is very similar to the
mechanism suggested by E.
ure 2 (p. 26).

c.

Taylor (106), given in Fig-

Taylor stated that the amine exchange in

the 2 and 4-position in all probability proceeded via a
ring-opening ring-closing mechanism for both the acid catalyzed exchanges as well as the uncatalyzed reaction (106).
Both of these pathways are given in Figure 2, {p. 26).
The fact that aniline gave an exchanged product
only in the presence of acid can now

be

rationalized.

Pro-

tonation as shown in Figure 7 (p.148), does increase the
probability of nucleophilic attack at position conjugated
with the protonated ring nitrogen.

Therefore positions

2,4 and 7 are all more suceptible to nucleophilic attack in
an acid catalyzed reaction.

This increased activity makes

all three sites equally reactive to nucleophilic attack
by the weak nucleophile, aniline. The fact that the pyrazine ring can not undergo ring-opening and ring-closing
similar to that shown in Figure 8, while the pyrimidine ring
can, coupled with the fact no exchange occurred in the
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Fig. 8--A possible route to bis amine exchanges on
2,4,7-triamino-6-methylsulfonylpteridine
·
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7-position, strongly implies that the acid catalyzed.bis
exchange does proceed via a ring-opened interrndiate.
The amine exchange observed in this work, indicates
that the proposed ring-opening ring-closing mechanistic
scheme for amine exchanges may and probably does occur in
acid catalyzed reactions.

This explains why previous to

this work only rings containing nitrogens in a 1,3-relationship had shown amine exchanges.

The work reported herein

however, shows that with the strong activation, amine exchanges can proceed by direct nucleophic displacement.

This

is shown in Figure 9.

DOCXN

CXN

CXVI

cxv

Fig. 9--Direct nucleophilic displacements to give
amine exchange on 2,4,7-triamino-6-methylsulfonylpteridine
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Amine exchange attempted on the usual substrate,
LXXXIV, with N-methylbenzylamine gave a quantitative recovery of the starting material.

Apparently the steric

bulk was too great to allow the attacking amine to approach
close enough to the pteridine nucleus to have displacement
occur.
The importance of the activating influence of the
methylsulf onyl moiety to the reported amine exchanges is
apparant since 2,4-diaminopteridine did not undergo any
exchange.

The activating influence of the methylsulfonyl

moiety was pointed out in Figure 6 (p 144).

CXVII

The reaction observed with sulfur, or soft nucleophiles, were very enlightening.

Upon refluxing LXXXIV for

5 hr in thiophenol, or by refluxing 112 equivalent mixture
of substrate and thiophenol in dimethylformamide,2,4, 7triamino-6-phenylthiopteridine (CXVIIIa) was obtained.
Similar results were obtained with 4-chlorothiophenol to
give CXVI!Ib. A similar reaction with cyclohexylmercaptan
or n-hexylmercaptan gave products with more than one spot
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on thin later chromatography.

lhe ir spectrum indicated

starting material was present in the products in a significant amount.

~:):¢J$rNH2
R

·

NH2
CXVI!Ia, R=H
b, R=Cl

H2Nx616rNH2

CH3S02

~H- H2Nxoio.N~

N~

RS

N~

NH2

NH2

NH2

SCN~

CXIX

An ambident sulfur nucleophile, potassium .thiocyanate also gave no displacement.

Had displacement occurred

a new ring system could.have been formed, a thiazololS,4-~]
pteridine (CXIX).
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Nucleophilic Attack on 2,4,7-Triamino-6-Methylsulfinyland 6-Methylthiopteridines
Nucleophilic attack on 2,4,7-triamino-6-methylsulfinylpterdine (LXXXV) gave products directly analogous to those obtained with the methylsulfonylpteridine
(LXXXIV).

The reaction of LXXXV gave 2,4,7-trisbenzyl-

amino-6-methylsulfinylpteridine (CXX) and the reaction
with thiophenol in dimethylfonnamide gave 2,4,7-triamino6-phenylthiopteridine (CXVIIIa).

H2NYQ~N\(NH 2

CH3S~N
II

0

N
NH2

lXXXV

~SH
H2NYQY6YNH2
~S~N~N
NH2

cxx

CXVIIIa
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The similar reactions carried out on 2,4,7-triamino-6-methylthiopteridine (LXXXVI) gave no product.

H2NY6l6YNH2
CH3S~N~N
NH2

LXXXVI

~SH
11lCH2NHx016rNHCH2¢
CH3S

N~

NHCH29J
CXVIIIa
Conclusion

From this study on mucleophilic substitution on
2,4,7-triamino-6-methylsulfonyl (LXXXIV) and 2,4,7•triamino-6-methylsulfinylpteridine (LXXXV) a reaction pattern
has emerged which has elucidated the ground work for a
reaction type which may prove to have general synthetic
utiltiy in azine chemistry.
The two substrates mentioned react with aliphatic
amines, very hard nucleophiles having basic nitrogens and
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which are highly electronegative and of low polarizability,
by displacements of hard leaving groups NH 2 (or NH 3 ).
Aniline, an aromatic amine susceptible to polarization, is
a weakly hard nucleophile.

Aniline requires acid catalysis

for displacement to occur, again displacing hard leaving
groups; however, doing so only in the pyrimidine ring,
which is capable of widergoing ring-opening and ring-closing,
The amine exchanges observed in the 2 and 4 positions could occur by either of 2-mechanisms, _2romatic
,nucleophilic

~ing-opening

and i;:ing-_glosing or by an ,!!ddi-

tion and subsequent elimination type mechanism.

These two

general types of mechanisms have been discussed in depth by
van der Plas, who refers to these as the ANRORC and AE mechanism

(208-214).

van der Plas has shown through labeling

studies that in many cases where both the ANRORC and AE
could be operating that often nucleophilic displacements
will proceed by a mixed mechanism, partially by an ANRORC and
partially by an AE mechanism (210-14).
that the mechanism of the amine

This work suggests

e~changes

reported in this

Dissertation could, and probably do, occur by a mixed
ANRORC and AE mechanism in the pyrimidine ring.

Acid cat-

alysis, it would seem, could favor the ANRORC type mechanism.
A most significant finding of my research is the
amine exchange in the pyrazine ring must proceed by an AE
mechanism.

This opens the way for possible amine exchanges
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in numerous ring systems, which will be mentioned.
Thiophenols, very soft nucleophiles containing nucleophilic centers with a low electronegativity and high
polarizability, displaced the methylsulfonyl and methylsulfinyl moieties (soft leaving groups).

Aliphatic thiols,

which are more weakly. soft nucleophiles also gave such displacements in low yields.
In summary this work suggests the possibility of a
generally useful synthetic route for
't:he
synthesis of azines
·r.
.
t ~-

con~aining

substituted amines or thiophenols.

High boiling

aliphatic amines can undergo amine exchange with the NH 2
moiety if activated by both a ring nitrogen and a methysulfonyl or methylsulfinyl moiety.

Tile fact that the ANRORC

mechanism need not be operating in these exchanges implies
that compounds such as 4-amino-3-methylsulfonylpyridine
(CXXI) or 2-amino-3-methylsulfonylpyridine (CCXII) may undergo the displacements of the type reported herein.
AE mechanism operating the

NHz

With the

leaving group would not need

to be n to a ring nitrogen, but could be

v.

Fqr anilines

to undergo the observed exchange, acid catalysis and acti. vation by two ring nitrogens is necessary.

CXXI

CXXII
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The displacement of the methylsulf onyl or methylsulfinyl moieties
vation

by

by

thiophenols seems to require only acti-

a ring nitrogen suggesting that even 2- or 4-

methylsulfonylpyridine (CXXIII & CXXIV) might undergo displacements with thiophenols.

CXXIII

CXXIV

The Synthesis of Pteridine N-Oxides
Preparation via Pyridinium Tosylates
Pachter has shown that a-cyanobenzylpyridinium
tosylate (CXXVa) reacted with 2-amino -2,4- diacetamido-5nitrosopyrimidines to give 2,4,7-triamino-6-phenylpteridine
5-oxide (CXXVIa) (177).

Using a Pachter type synthesis the

6-(2,4-dichlorophenyl) (CXXVIb) and 6-(2-chlorophenyl)

(CXXVIc) derivatives were prepare.ct.

eo"s-@-cHa
+

CH3
I

C=O
I
O=N

o~

NHCCH3
II

CXXV a,
b,
c,
d,

--- --..~H2NoN~N~NH2
o~

NHX¥N"v"NH2

R= H
R = 2,4-dichloro
R = 2-chloro
R = 2,6-dichloro

0

N

R

GXXVI a,
b,
c,
d,

o~

NH2

R= H
R = 2,4-dichloro
R = 2-chloro
R = 2,6-dichloro
\
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Compounds CXXVIb and c were screened against a variety of
micro-organisms.

The results of these screens are sumrnar-

ized on p 165 •
In an attempt to prepare CXXVId the 6-(2,6-dichlorophenyl)pteridine 5-oxide, the intermediate pyridinium ylid,
pyridinium (2,6-dichlorophenyl)cyanomethylid (CXxvII) was
formed.

Apparently the two chloro groups are sufficently

· bulky that the ylid can not approach close enough to the
nitroso nitrogen for addition to occur.

This ylid (CXXVII)

was a brillant orange solid.
Cl
>----CH-C::N
I

N®

©
CXXVII

Pachter never adapted his synthesis to give 7hydroxypteridine,

Parish did however'attempt unsuccess-

fully to adapt Pachters synthesis to give.7-hydroxypteridines(73).
Preparations

Y!!! 5-Nitropyrimidines

The susceptibility of aromatic nitro compounds
to intramolecular anionic cyclizations is well documented
and has been reviewed (74).

This type of synthesis has

never been reported for pteridines and seemed to be an
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attractive route.
Initally 2,4,6-triacetamido-5-nitropyrimidine
(CXXVIII) was prepared by the acylation with acetic anhydride and acetic acid of the triamino-5-nitropyrimidine.
This compound CXXVIII was then reacted under a variety of
conditions with phenylacetonitrile.

The most vigorous

condition was with sodium acetate in refluxing dimethylformamide.

Had this reaction worked 2,4,7-triamino-6-phenyl-

pteridine 5-oxide (CXXVIa), which had been prepared by
Pachter, via another route, would have been more readily
available upon hydroylsis.

The.reaction did show blue

fluorescence but the desired pteridine was not isolated.

CXXVIa
The reaction was then attempted via an intramolecular cyclization.

Using phenylacetic anhydride, 2,4,6-

triamino-5-nitropyrirnidine was acylated to give 2,4,6-tris
(phenylacetamido.)-5-nitropyrimidine (CXXIXa).

The prepara-

tion of this compound was also attempted, this time unsuccessfully, using phenylacetylchloride.
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CXXIXa,
b,
c,
d,

R
R
R
R

= H
= 4-chloro
= 4-nitro
= 2-methyl

Using a similar procedure CXXIXb& d were prepared
from the appropriately substituted phenylacetic anhydrides
and the triaminonitropyrimidine.

The 4-nitro analog CXXIXc

gave only a tar.
The tris substituted compounds were then refluxed
in dimethylfonnamide with three equivalents of sodium
acetate.

The dimethylformamide used was a technical grade

and probably contained water.
CXXIX.a.

This caused mono deacylation

The recrystallized product was isolated as the

monophenacylpteridine monohydrate (CXXIV).
in Figure 10,

This is shown
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Fig. 10.--Intramolecular cyclization to give
pteridine 5-oxide
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The actual position of the remaining phenylacetamido moiety is uncertain.

Tile reactions with CXXIXb and c

gave blue green fluorescence, but the rea<::!tion mixtures were
worked up before the reactions were complete.
Paper and Thin Layer Chromatography
Descending paper chromatography was carried out on
all pteridines reported in this Dissertation.

Paper Chroma-

tography Rf values historically have been an identifying
criteria for pteridines.
This bis and tris substituted aminopteridines which
have been reported in this Dissertation would not move from
the origin with descending paper chromatography with any of
the solvents tested.

Even using 111 dimethylformamide and

water no movement was observed.
Using commerical precoated cellulose thin layer
plates it was found separations equaling those attainable
with paper chromatography could be achieved more rapidly
than on paper.

Solvent systems are almost directly con-

vertible from paper to thin layer chromatography.

Tile time

required to develop a 2 x 8 inch thin. layer plate varied
from 1-

l~

hr depending upon the solvent.

Paper chroma-

tograms on the other hand required 4-7 hr.
Screening Data
Two· compounds, 2,4,7-triamino-6-(2,4-dichlorophenyl)
and 2,4,7-triamino-6-(2-chlorophenyl)pteridine, CXXVIb and
CXXVIc respectively, were screened against the following
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micro-organisms1 Serratia marcescens, Pseudomonas
aeruginosa,

.Staphylococcus aureus, Escherichia coli,

:.>treptococcus faecum, Bacillus subtilis, Aspergillus niger,
Candida alhicanis, Trichophyton tnehtaerophytes, Tri chopt1yto11
tonsuranus, Cryptococcus difflucns, Saccharomytes cerevisiae,
and Microsporum fulvem.

These showed no activity aganist

these organisms, CXXVIb did; however, show some activity
aganist Shistosoma mansoni at 1 µg/ml.

The screen was

carried out by the ICN Nucleic Acid Research Institute.
lbese same two compounds were screened in mice for
activity aeanist P. bershei.

This was carried out by tbe

Walter Reed Army Institute using the Rane Screen and is
summarized in Talbc 17 and 18.
Table 17
Screening Data for

2,4,7-Triamino-6-(2,4~dichloro

phenyl)pteridine 5-0xide against

Noa

f · berghei in mice

-

Sex

Dayb

RTc

5

F

3

sci

5

F

3

5

F

3

Dosed

---

--

-~

MSTTe

MSTCf

T-Cg

Toxh

40

00

06.2

06.1

00.1

00

sci

160

00

06.2

06.1

00.1

00

sci

640

00

06.2

06.1

00.1

00

---

aNurnber of mice.
b

Cures

--

-----

.

The number of days post infection on which chemical
therapy was initiated.
CThe method of administration of the drug.
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dDose in mg/Kg,
e~lean standard survival time to test.
('

Mean standard survival

!',Chane·<" i.n

time of

cont nJ l.

surviv;1l tirnr' (r--iSTT-i'l::>TC).

hToxic Deaths.
1

subctaneous injection.

Table 18
Screening Data for

2,4,7-Triamino-6-(2~chloro

phenyl)pteridine 5-0xide against

P. berghei in mice

5

F

3

5

F

3

5

F

3

sci
sci
sci

40

00

06.2

06.1

00.1

00.

160

00

06,4

06.1

00.2

00

640

00

06.4

06.1

00.2

00

aNumber of mice.
bThe number of qays post infection on which chemical
therapy was initiated,
~ethod of administration of the drug.

dDose in mg/Kg.
eMean standard survival time to test.
fMean standard survival time of control.
gChange in survival time (MSTT-MSTC).
hToxic Deaths.
1
subcutaneous injection,

V.

SU~1MARY

Literature Reviewed
Amine exchange reactions in the following ring systems were reviewed; pyridines, pyrimidines, pyridazines,
pyrazines, quinolines, isoquinolines, cinnolines, phthalazines, quinozolines, quinoxalines, purines

and pteridines.

In some of the ring systems investigated, no reported amine·
exchanges were found.
The nucleophilic displacement of alkylsulfonyl
alkylsulfinyl moieties from n-deficient nitrogen heterocycles was reviewed.
An attempt was made to give a comprehensive listing as well as a general review on6-aminopteridines.
Research Re.Q_Qrted
In an attempt to prepare 6-anilino and 6-benzylaminopteridines numerous routes were attempted; none gave
the desired compounds in an isolable amount.

One route

attempted via the reaction of benzylamines and aniline with
2,4,7-triamino-6-methylsulfonyl and 2,4,7-tri.amino-6-methylsulfinlypteridine.

The products obtained were either bis or

tris amine exchanged pteridines.

Thiophenols, on the other

hand, gave nucleophilic displacement in the 6-position.
Three new pteridine 5-oxides were prepared.
167

One of

168

these was prepared via a new synthetic route; the basecatalyzed cyclization of 2,4,6-tris(phenylacetamido)-5nitropyrimidine.

Two of these N-oxides were screened again-

st .f. berghei and a variety of micro-organisms.

One showed

activity against Shistosoma mansoni.

A portion of the work reported in this Dissertation
has been published.(218).
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THE ATTACK OF HARD AND SOFT NUCLEOPHILES ON
6-~·IETHYlSULFONYL-,

6-METHYLSULFINYL-, AND

6-METHYLTHIOAMINOPTERIDINES
William David Johnston
Department of Chemistry
Ph.D., Degree, August 1974
ABSTRACT
In an attempt to prepare 6-anilino and 6-benzylaminopteridines, 2,4,7-triamino-6-methylsulfonyl and 2,4,7-triamino-6-methylsulfinylpteridines were prepared and reacted
with a number of benzylamines and aniline. These hard
nucleophiles gave amine exchange products with no displacement at the 6 position. Aliphatic amines gave exchange
·
in the 2,4-and 7-positions. The exchange occurring in the 7position must be occurring by an AE mechanism. This is the
first such exchange reported in a ring other than a 1,3azine. Aniline gave no exchange product except in an acid
catalyzed reaction, and then gave exchange in only the 2 and
4-positions. Numerous reactions on related substrates, are
reported. Soft nucleophiles, thiophenols, gave displacement on the same substrates in the 6-position only.
Three new pteridine 5-oxides were prepared. One of
these was prepared by a new synthetic route using an intramolecular cyclization of a 5-nitropyrimidine.
The following subjects are reviewed1 amine exchanges,
displacement of alkylsulfonyl and alkylsulfinyl moieties in
azines, and 6-aminopteridines.
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